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BONE GROWTH IN HEALTH AND DISEASE* 


BY 


EDWARDS A. PARK 
Professor Emeritus of Pediatrics, Johns Hopkins University School of Medicine, Baltimore, Maryland 


Before beginning my lectures I wish to record the 
pride and the pleasure with which I received the 
invitation to come to Birmingham in order to 
inaugurate the Leonard Parsons Lectures, and, at 
the same time, to express my regard for Sir Leonard. 
He was a distinguished physician in the British 
classical tradition, an accurate observer and full of 
the wisdom derived from great experience and wide 
reading and salted by innate common sense. To 
this was added his keen human interest, understand- 
inganda great kindness. His perspective was broad 
so that, when he considered a detail, he never lost 
sight of the whole. This enabled him to perceive 
relationships in their large proportions and to 
measure situations correctly and this also kept him 
from being diverted to the fashions of thought or 
predilections of the moment. He always remained 
consistent with himself. Whether in medicine or 
outside it, his judgment could be counted on to 
show sanity and reliability and in approaching the 
problems of others he was able to withdraw himself. 

Sir Leonard had an easily awakened curiosity, and 
his nervous system must have been made of iron 
stuff and been under iron control, for in spite of 
the burden of his large practice and administrative 
duties he was able at will to disengage his thoughts 
from them and to turn to the problems of illness and 
toexplore them. This ability always seemed to me 
remarkable; how few of us, carrying his responsibili- 
ties, would not be overwhelmed by them—too weary 
or absorbed to think beyond the attendant anxieties. 
His studies, which were always clinical and 
eminently practical, were characterized by breadth 
and soundness. Then, withal, he was simple, friendly 
and accessible and could adapt so easily to any 
situation, as when at my house he took off his coat 
and played baseball with the children and became 
one of them. It was these qualities of the heart 
which made people so love him. 

In his chosen subject of paediatrics he was a 
world figure and elder statesman, a combination of 
intelligence, integrity and practical idealism, which 
characterize so many of your distinguished men. 
Though I saw him infrequently, I was, like others, 


drawn to him by his worth, and felt for him unstinted 
admiration. 


The Scope of the Lectures 

Prompted originally by a curiosity concerning the 
incidence of rickets, Dr. Richard Follis, Jr., and I 
examined systematically the bones of more than 
1,500 children dying in the Harriet Lane Home 
between the years 1926 and 1942 from the various 
diseases and accidents to which young life is heir. 
My two lectures are chiefly based on observations 
made in the course of these studies. I regret that, 
since they represent our common labours and 
thoughts, they may not stand in his as well as in 
my name. . 

Inasmuch as these lectures concern bone growth, 
it is advisable to make certain basic facts clear at the 
outset. When bone is first laid down by the 
osteoblasts, it is in the form of osteoid; that is to say, 
the organic form of bone without the inorganic 
(Fig. 1A). The deposition of calcium salts in it is 
a later occurrence. A chief distinguishing feature 
of rickets is the abnormally broad encasement of the 
trabeculae with osteoid, which differs only quanti- 
tatively from the physiological, so far as is now 
known. 

It is a common misconception to think that bone 
is destroyed by osteoclasts as opposed to osteoblasts. 
The osteoblasts form and also destroy bone; their 
action may go in either direction. The probable 
explanation of this double function is a reversible 
intracellular enzyme action. The osteoclast, which 
certainly has only a destructive function, is nothing 
more than an aggregate of osteoblasts. In their 
study of the reproductive cycle in the pigeon, 
Bloom, Bloom and McLean (1941) demonstrated 
an intense formation of medullary bone during the 
pre-ovulatory period, which passed abruptly into 
a correspondingly intense destructive phase during 
calcification of the shell of the first egg; this was 
followed by a return to normal within a few hours 
after the first egg was laid. In the pre-ovulatory 





* The first of two inaugural Leonard Parsons Lectures delivered 
in Birmingham in 1953. 
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period the reticular cells of the marrow changed into 
osteoblasts and the marrow cavity became literally 
filled with a network of bone lamellae as the result 
of their constructive activity. As calcification of 
the shell began, the osteoblasts aggregated into 
osteoclasts and then what had amounted to pure 
bone formation was reversed into pure destruction. 
After the first egg was laid the osteoclasts broke up 
into their constituent osteoblasts, preparatory to a 
repetition of the cycle. It is interesting that nature’s 
device for furnishing the calcium needed to meet 
the emergency requirements for the shell should be 
to build a house of organic matrix, to fill it with 
calcium, and then to destroy the house in toto. In 
our studies of children, Follis and I have repeatedly 
found evidence for the destruction of trabeculae by 
osteoblasts and for the formation of osteoclasts 
from osteoblasts. We have not found signs that 
osteoclasts broke up into osteoblasts or reticular 
cells. The conception of an osteoblastic-osteoclastic 
cycle was proposed years ago by KOlliker (1873). 


The Normal Growth Pattern in the Infant and its 
Determination 


When we first began our study of the bones of 
children, it never occurred to us that there could be 
any doubt regarding the normal pattern of growth. 
The essential criteria we assumed were regularity of 
architecture and completeness of calcification. If, 
then, the proliferative cartilage had an orderly 
arrangement in parallel columns, if the calcification 
of its provisional zone was perfect, if the trabeculae 
in their turn lay in an orderly vertically disposed 
network, and here and there were encased by 
mantles of osteoblasts with films of uncalcified bone 
beneath them, the so-called ‘physiological osteoid’, 
we considered that the postulates of the normal were 
fulfilled. It was some years before we realized that 
this picture failed to represent the normal in the 
infant and was even further removed in the case of 
the premature, with both of which our study was 
chiefly concerned, but was to be regarded rather as 
the modification of illness. 

The very practical question then arose, how to 
determine the normal. Ina number of our children 
death had occurred suddenly from illness of not 
more than one to three days’ duration, too brief to 
alter materially the growth pattern, and in yet others 
it had happened in apparent health. Did the bones 
of these children furnish the normal pattern? The 
difficulty here was to be certain to exclude rickets 
which we had found roughly in 40 to 80% during 
the first two years of life (Follis, Park and Jackson, 
1952). In some instances we were helped by knowing 
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that vitamin D had been given in a large enough 
amount presumably to have prevented rickets, by 
our chief reliance was the evidence on histological 
examination that the maturation cycle of the 
cartilage cell had remained in full swing and the 
bottom-most layer of cartilage,* that in contact with 
the shaft, was being actively invaded by capillaries 
and osteoblasts. 

As all students of bone know, the cells of the 
proliferative cartilage undergo a maturation cycle § 
preparatory, and essential to, their invasion by the 
shaft. The mother cells divide, their offspring 
divide, enlarge, become arranged as family groups 
in columns, swell further into the so-called hyper. 
trophic cells, develop glycogen, presumably as a 
source of energy for the chemical process of 
calcification of the surrounding matrix (Gutman 
and Yu, 1950) and also phosphatase (Follis, 1949), 
and, soon after this has occurred, disappear, under- 
going degeneration and death. In this terminal 
dissolution they evidently give off some substance 
which exerts a chemotactic influence on capillaries 
and osteoblasts, causing the capillaries to dilate and 
the osteoblasts to proliferate and grow big and 
which literally draws them into the empty capsules, 
to start the reconstruction of the cartilaginous 
matrix frame into shaft. In the histological section 
one could tell that the complete cycle had been 
occurring, if the end stage was there; namely, next 
to the shaft a zone of distended cartilage cell capsules, 
appearing empty or containing a shrunken pale- 
staining cartilage cell, or one apparently breaking 
up or already broken. In many capsules, too, there 
were the capillaries and osteoblasts which had freshly 
penetrated (Fig. 2s). Now a cardinal feature of 
rickets, so far as the cartilage is concerned, is that 
this maturation cycle of the cartilage cell is inter- 
rupted by the disease, so that it does not go on to 
senescence and death. Therefore, the pale-staining, 
vacuolated-appearing zone of empty, or partially 
empty, cartilage cell capsules is never developed, 
and constantly found missing. If, then, examination 
of the cartilage shows maturation fully preserved, 
rickets could be excluded. Conversely, however, 
failure of the maturation cycle to develop did not 
mean that rickets was present, for under the 
influence of severe illness or malnutrition the 
cartilage may stop growing. Taking then the 
completed maturation cycle as the criterion, we welt 
able to select from the large group of subjects of 
sudden death, or death after short illness, a smaller 
group showing the true pattern of growth. On 
these our description of the normal is based. 


a 
* Throughout the descriptions which follow the bone —_* 
imagined as standing on end with the epiphyseal cartilage uppermos’. 
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But before proceeding I must point out that our 
studies were focused on the costochondral junction 
of one of the middle tier of ribs, though in many 
instances ends of the long bones of the extremities 
were also studied. The reason for this was that in 
all necropsies we were able to obtain ribs but the 
other long bones only exceptionally. The ribs at 
their anterior ends grow the fastest of any of the 
long bones and consequently the cellular activities 
are greatest there; also the modifications from illness 
reach their most extreme development. At the ends 
of all the long bones the growth pattern is in general 
principle the same, but varies greatly in intensity 
with the rate of linear growth at the bone end in 
question. If linear growth is slow, as for example 
at the upper ends of the radius and ulna, the activities 
of both cartilage cell and osteoblast are greatly 
reduced. Our description essentially applies to the 
costochondral junction. 


Histological Picture in the Premature Baby 


In the healthy premature baby the proliferative 
zone of cartilage is extremely irregular (Fig. Ic). 
The cells in certain areas, particularly at the sides, 
may be in columns, but in general they are in thick, 
irregularly arranged fascicles or are jumbled together 
in no apparent order. Calcification extends into the 
cartilage scarcely a single cell deep and, where it has 
occurred, is so light that it appears as defective as in 
beginning rickets. One of the most striking features 
is the zone of hypertrophic cartilage cells three to 
five deep and below it the pale zone of distended 
capsules in process of being penetrated by the 
capillary-osteoblast complexes. 

Turning now to the shaft, the arrangement of the 
trabecular network next to the cartilage is quite as 
disorderly as the cartilage itself, which is under- 
standable, since its architectural plan is always 
derived from the cartilage: malformed cartilage, 
malformed trabeculae. The osteoid borders of the 
trabeculae are in places as thick as those found in 
moderate rickets. Where active growth is occurring, 
the surfaces of the trabeculae are covered with great 
numbers of osteoblasts. As seen silhouetted along 
the edges of the trabeculae, as when the section 
passes through their middles, the osteoblasts are 
oblong or square with large pale-staining nuclei and 
large vacuoles and are separated from the calcified 
bone by the layers of osteoid which they have just 
formed (Fig. |p). When the section happens to cut 
across the surface of a trabecula tangentially, one 
can see that the osteoblasts form a perfect mosaic, 
cell lying against cell, making a complete covering. 
One of the most striking features is the relatively 
giant size of the osteoblasts. 


As already pointed out, Bloom and his collabora. 
tors disclosed examples of pure growth and pure 
destruction of bone in the female pigeon at differen; 
phases of the reproductive cycle. Probably nowhere 
in mammalian life, certainly not in the child, does 
pure growth or pure destruction occur, although one 
or the other may happen, or can be made, experi. 
mentally, to predominate. The two processes are 
so interrelated that one never occurs without the 
other. In the young healthy adult bone destruction 
must match bone formation; in the aged destruction 
must imperceptibly predominate; in the rapidly 
growing child formation must exceed destruction, 
but only by the balance of the new bone which 
survives. In these rapidly growing bones of the 
premature infant destruction of the trabeculae was 
almost as prominent as new bone formation. 

Incidentally, the histological picture in the 
premature infant furnishes a most vivid illustration 
of his predisposition to rickets. One can truthfully 
say that in his accelerated growth he continually 
moves along the verge of it. All that is needed for 
rickets to supervene is for the calcification rate to 
drop behind growth rate or, the other way round, 
for growth to exceed its power to keep up.* The 
studies of Gordon and McNamara (1941), Clifford 
and Weller (1948), Benjamin, Gordon and Marples 
(1943), Wright, Filer and Mason (1951) have shown 
how inefficient the absorption mechanisms for 
calcium, fat and the fat-soluble vitamins of the 
premature infant are. 


Modifications in the Full-term Infant 


In the full-term infant in the bloom of health,’ 


the histological picture does not differ greatly from 
that of the premature except that cell growth both 
in cartilage and bone seems to be occurring not so 
rapidly and with more order and the borders of 
physiological osteoid are not so broad (Fig. le). 
In the older child, growing at a considerably 
slower pace, the zone of proliferative cartilage is less 
deep and its pattern and that of the trabecular 
network of the shaft are more regular and the 
calcification of the provisional zone heavier. But 
the pale zone of distended capsules at the shaft 
border, the osteoblasts and capillaries which have 
penetrated into them, the mantles of osteoblasts 
covering the growth surfaces of the trabeculae, and 
the films of physiological osteoid are all there. 


* It is perhaps a question of academic interest whether the cot 
dition just described in the bone of the premature infant with its scat! 
calcification of the cartilage and its broad osteoid borders ought 10! 
to be called rickets. If so, it is a physiological rickets, and no! 
vitamin D deficiency rickets, for the picture occurs under Vitami0 D 
administration. 
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BONE GROWTH IN HEALTH AND DISEASE 


The Effect of Severe Illness on the Normal Growth 
Pattern 

| must give some notion what is meant by severe 
illness. In our series of children, as already pointed 
out, there was a wide variety of illnesses, some 
lasting only for hours, some protracted, and all 
severe in the sense that they ended fatally. Random 
causes of death were burns, fatal operations, in 
particular for hydrocephalus, mechanical conditions 
such as intussusception and other forms of intestinal 
obstruction, haemorrhage, malnutrition _ states, 
survy, rickets, prematurity, syphilis, vomiting and 
diarrhoea with dehydration and acidosis, infection, 
etc. In the great majority of instances the cause 
of death was infection, e.g., pneumonia, meningitis, 
septicaemia, dysentery, etc., and these were ordi- 
narily of a most severe nature. We were, of course, 
able to classify the conditions responsible for the 
death of the children according to duration, but 
would like to have divided them into nutritional and 
infectious. But clear separation we found impossible 
for the children suffering from nutritional disorders 
usually died of terminal infections, and children 
having severe infections usually suffered nutrition- 
ally. What we mean by severe illness then is severe 
infection of 10 days’ or more duration and also 
severe malnutrition from any cause, for the effects 
of both on bone growth from the histological point 
of view seemed to be the same. In the last analysis 
the action of severe infection on the bone cells 
probably has a nutritional basis. 

What happens when severe illness supervenes in 
the child growing at this rapid pace? First, I describe 
the changes in the shaft (Fig. 2A). There new bone 
formation has virtually stopped. The mantles of 
thick osteoblasts have gone, we are not sure where. 
Many have fused with their neighbours into syncytial 
formations and become osteoclasts (Fig. 2B). We 
have looked for changes which might indicate that 
the osteoblasts have disintegrated but have found 
little evidence of nuclear or cytoplasmic debris. 
The question must be settled by experimental 
procedures. The absence of such change has puzzled 
us, for, if the great numbers of osteoblasts, packed 
together over the areas of active growth, had been 
produced by division and were fixtures there, so to 
speak, one would expect to find evidence of their 
disintegration in order to explain their disappear- 
ance. But mitosis is seen but rarely, even when 
osteoblastic proliferation is at its peak. Bloom and 
his collaborators have called attention to its rarity 
in the osteoblasts of the pigeon during the period 
just before the shell formed, at a time when they are 
literally filling the marrow cavity with bone. For 
that reason we have wondered if the surfaces of the 
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trabeculae had lost their chemotactic action and the 
osteoblasts, changing over into reticular cells, had 
moved away from them. In some instances, in 
which the illness was brief, it looked as if this 
spreading movement away from the trabeculae 
might be occurring, for particularly in the interspaces 
just under the cartilage evidently metamorphosing 
osteoblasts were spread out in an even network much 
as in scurvy. There is no doubt that when this 
regressive change in the lining osteoblasts is occur- 
ring, the trabecular surface loses its power to hold 
them tightly. When actively forming bone, they 
lie close against the surfaces, but in the transition 
states they tend to lie along, rather than close against, 
the surfaces, and at the same time their formation 
becomes irregular. But the disappearance may be 
more apparent than real, for the shrinkage of the 
cells and their transformation into types difficult or 
impossible to distinguish from ordinary connective 
tissue may make it easy to underestimate their 
numbers and to think they are not there. In extreme 
cases one finds little in addition to the sparsely 
cellular endosteal membrane. 

As seen in the histological preparations of the ribs 
and long bones of malnourished children from which 
the marrow cells had largely disappeared, the end- 
osteal membrane is a very definite structure, composed 
of flattened cells forming a complete sheet covering 
the trabecular surface. In sections cutting the 
membrane across, so that it is seen silhouetted along 
the trabecular edges, the nuclei appear long and thin 
and the cell bodies long and spindle shaped. They 
lie close to the bone surface, often so close that it is 
difficult to see them and even to be certain that they 
are there. When the plane of the section happens 
to pass tangentially through the membrane, so that 
one can look down on it from above, so to speak, 
the nuclei appear oval or round, fairly large and more 
numerous than anticipated from the cut edge 
(Fig. 2A). Evidently the reduction in size is largely 
in the thickness of the cells. The proof, however, 
that they form a complete membrane is evident in 
sections passing through the middle of longitudinally 
directed trabeculae because under favourable 
conditions the membrane can be seen to form a 
continuous line. However, the best demonstration 
is furnished where the membrane has chanced to 
have been pulled away from the bone surface in the 
process of cutting (Fig. 2c). Then its edge can be 
plainly seen to form a line, bounded by the marrow 
on one side and, on the other side, by the clear space 
created by the tear. Since this membrane is found 
on every trabecula, it must be conceived of as 
continuous, covering the entire interior surface of 
the bone, including the entire trabecular system, as 
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the peritoneum does the viscera. However, where 
bone is being destroyed, it has broken up, leaving 
the surface bare and directly exposed to the osteo- 
blasts and osteoclasts engaged in eroding it (Fig. 28). 
In some instances in which atrophy has reached an 
extreme development we have been unable to identify 
the membrane over considerable areas of the trabe- 
cular surface, which appeared to be in direct contact 
with the marrow, although not being actively 
destroyed. 

Destructive activity had dwindled also, as would 
be expected if it depended, as it does, on the presence 
of the osteoblastic group of cells. However, when 
one examines the trabecular edges with care, one can 
always find scattered areas of destruction, character- 
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ized, as indicated above, by disintegration of the 
endosteal membrane and the presence of an osteo. 
clast or two and a few osteoblasts. But the 
osteoclasts, like the osteoblasts, are smail and 
inconspicuous. So surface disintegration appears 
to be moving forward, even though at a reduced 
rate. But it is most interesting to note that even 
single cells of the endosteal membrane can dissolve 
the bone surfaces immediately under them, for where 
they touch, the surfaces have been hollowed out into 
little scallops (Fig. 2D). This semi-cryptic surface 
destruction of the trabeculae, going on without 
compensating new bone formation, must be respon- 
sible for the extreme degrees of rarefaction reached 
when a wasting disease is prolonged, though the 
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Fic. 28.—Trabecula, rib, from well nourished 2-months-old child, 

dying of pneumococcal septicaemia and meningitis of eight days 

duration (x 518); (b) osteoblasts in regression; they have fused, the 

beginning of osteoclast formation; (a) osteoid; (t) calcified bone. 

The presence of the fairly broad osteoid makes it necessary to think 

that before the acute illness the osteoblasts formed, as in Fig. IF, 
a canopy of orderly, well developed cells. 


Fic. 2p.—Trabecula (x 120), rib of 11-months-old child dying of 

intussusception, showing active surface destruction by (a) single 

osteoblasts which have produced scallops; (b) osteoclast with 4 

company of osteoblasts destroying trabecular surface; (f) bony 

trabecula; (c) the lacuna occupied by an osteocyte, which has been 

uncovered by osteoblasts acting as single cells. Osteoblasts are in 
extreme regression with reversal of function. 


Fic. 2A.—Trabeculae of rib from 13-months-old child, dying after 


protracted tuberculosis. 120. At first glance the trabeculae (t) 

seem devoid of covering cells but in two places, where soft tissues 

have been pulled away in trauma of cutting, there is completely intact 
endosteal membrane (e). 


Fic. 2c.—Trabecula from rib of 6-months-old child dying of tuber- 

culosis (x 518); (e) endosieal membrane which had been pulled 

away from the bone surface in the process of cutting and in con- 

sequence is clearly visible; (¢) trabecula showing osteocytes; (a) clear 
space produced by tear. 
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qualifying statement should be made that in many 
instances the destruction may be marked. 

But it must not be thought that the changes, such 
as we have described in the shaft, and are about to 
describe in the cartilage, have always been found 
in severe illness. In some instances growth activity 
has been continuing in both cartilage and shaft as 
if the illness had not occurred. In some of the 
premature infants it has been extraordinary to 
witness how growth of both the cartilage and the 
shaft had proceeded full blast to death itself. The 
preservation of the normal growth activity of the 
bone in the face of the most damaging environmental 
conditions is no more remarkable than the preserva- 
tion of the nutrition, which often seems not to be 
affected at all. As a matter of fact the nutritional 
state of the child as a whole and the size and activity 
of the bone cells often seemed to correspond. 

In this human study we have not mentioned the 
circulation for the reason that we have found it 
extremely difficult to estimate, probably largely 
because of the disturbances in it at the time of death. 


Transition States 

| have alluded to transition states from extreme 
growth activity to cessation under the influence of 
severe illness, but have not the time to trace them in 
detail. In some instances the regressive change can 
be noted as early as the third day and it may reach 
the extreme development described certainly by the 
middle of the second week. 


The Effects on the Cartilage 

In the proliferative cartilage also one finds signs 
of growth failure. If growth stops, the maturation 
cycle of the cartilage cell naturally is halted. Since 
on the one side the mother cells no longer divide 
and, on the other side, all the already fully developed 
cells, in a state to be invaded and destroyed by the 
capillaries and osteoblasts, have been removed, the 
cartilage plate, as seen in the histological section, 
becomes reduced to a thin band. In this band 
calcification becomes progressively heavy, for the 
very reason that the cartilage is dormant and calcium 
salts are being continually adsorbed as on the surface 
ofa crystal. In its most extreme development the 
picture simulates that seen at the expiration of 
normal growth, the stage preceding epiphyseal 
closure (Fig. 3a). Then calcification becomes so 
profuse that it extends all around the cartilage cells 
80 that the latter, as seen under the microscope in 
haematoxylin- and eosin-stained sections, seem to 
peer out of the dark blue background of calcified 
matrix like eyes. As already indicated, complete 
stoppage of growth in the infant for any long period, 
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even under most severe wasting illnesses, has proved 
rare. Usually the picture has been rather that of 
slowed growth. Evidently the growth power of the 
cartilage is difficult to suppress over any length of 
time. 

What happens when growth of the epiphyseal 
cartilage is merely slowed I shall postpone till I 
discuss lattice formation: I now turn to the curious 
transverse stratum formation which results from 
greatly slowed, or completely arrested, growth of 
the cartilage.* Since the stratum shows in the x-ray 
film as a ‘transverse line’, it has awakened clinical 
interest. I shall make clear the mechanism of its 


development as recently studied experimentally (Park 
and Richter, 1953), not going into the natural history 
which has been excellently presented by Harris (1933). 


Mechanism of Development of Transverse Stratum 
(‘Transverse Line’) Formation 


It will be easiest to understand the formation, if 
one supposes that growth of the cartilage almost 
stops and all the underlying cancellous trabeculae 
have been resorbed, a condition easy to produce 
experimentally in the rat, either by limitation of diet 
or hypophysectomy. The cartilage plate can then 
be imagined as topping the shaft like the cover of a 
jar. The osteoblast has no architectural ability; it 
cannot create new patterns; all it can do is to settle 
on pre-formed structures natural to it and form 
bone on their surfaces. Such pre-formed structures 
are the frame of matrix substance of the cartilage, 
and the surfaces of the trabeculae or lamellae of bone 
already formed as the result of previous osteoblastic 
activity. The shaft of course elongates because the 
cartilage, as it grows, keeps producing matrix frame 
on which some of the osteoblasts keep settling and 
turning into bone as fast as their fellows lay it bare 
by destroying its contained cartilage cells. The 
reason that the trabeculae of the shaft are arranged 
in the main longitudinally is because the matrix 
frame, on which they settle and operate, has the 
longitudinal arrangement (Fig. 3c). Indeed, as 
already pointed out, the pattern of the cancellous 
tissue of the shaft immediately under the cartilage 
is the pattern of the matrix frame and often from 
this pattern one can tell what the pattern of the 
future trabeculae will be. When, therefore, growth 
of the cartilage has stopped, the osteoblasts, unable 
to grow into it, have no alternative except to settle 
on the bare undersurface of the epiphyseal plate 


* In discussing transverse stratum formation resulting from 
partially or completely arrested growth, I am not referring to the 
strata of increased density produced by lead poisoning, white 
phosphorus administration, bismuth administration, etc. The 
mechanism of their development is entirely different. 





Fic. 3A.—Upper humerus from 20-months-old child dying of exten- 

sive tuberculosis. 66. The section shows extreme slowing of 

growth, amounting to arrest. The calcification of the cartilage (5) 
has become almost confluent; (c) marrow. 


Fic. 3c.—Upper tibia of a domestic rat, aged 111 days, kept on diet 
of dextrose and vitamin B, for 49 days, followed by stock diet for 


five days. 40. Proliferative cartilage during the dextrose-B, 
period reduced to a thin band. Basic transverse stratum of bone 
formed during the dextrose-B, period is undergoing thickening with 
resumption of growth due to change to stock ration. (a) Proliferative 
cartilage; (b) transverse stratum; (c) hole admitting passage of capillary 
with accompanying osteoblasts; (d) osteoblasts forming bone on under 
surface of stratum; (¢) marrow of shaft heavily laden with fat ; 
(f/) epiphysis. 
Fic. 3—.—Upper tibia of domestic rat, aged 140 days, on a diet of 
dextrose and vitamin B, for 58 days, stock ration for 13 days. x 40. 
(a) Proliferative cartilage has now reached full development as 
indicated by its vertical columns, ending in the zone of empty capsules 
at the junction with the shaft. The transverse stratum (b) has been 
penetrated and passed by the wave of (c) vertically invading capillaries 
with their attendant osteoblasts. Trabeculae are now being formed 
again in vertical direction, as under normal conditions. When 
the capillaries and osteoblasts have advanced through the stratum 
the thickening process ceases. 


Fic. 38.—Upper tibia of a wild rat, unknown age, 68 days after 

hypophysectomy. x 64. The basic stratum of bone (5) lining the 

under surface of the greatly narrowed proliferative cartilage (a) IS 

well shown. The basic stratum, formed during growth recession, 1s 
much better developed than usual. 


Fic. 3p.—Upper tibia of domestic rat, aged 137 days, on a diet ol 
dextrose and vitamin B, for 72 days, stock ration for eight days. 
x 488. (a) Lining osteoblasts forming new bone on the under 
surface of the (b) basic stratum; the pale space between the osteoid 
and bone is caused by the freshly formed osteoid; (c) marrow. 


Fic. 3r.—Upper humerus of a 15-months-old child, dying of pneu: 
monia after having recovered from dysentery 7} weeks previously. 
<x 13. (a) Proliferative cartilage; (b) transverse stratum of arrested 
growth, presumably formed during the dysentery, as it appears 0 
single plane of histological section. It is composed of bone with (0) 
inclusions of calcified matrix around which the bone formed; border: 
ing the cartilage at the junction with the shaft is the provisional zone 
of calcification with its subjacent thicket of calcified matrix on which 
bone is beginning to form, but is not visible with the magnification 
employed. 
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and form bone upon it and, since this is horizontal, 
the bone which they form is horizontally disposed. 
This horizontal sheet of bone, formed as growth 
of the cartilage slows and stops, is the basic trans- 
yerse stratum (Fig. 38). Indeed, this basic stratum 
alone, formed during the recession of cartilaginous 
growth, may be responsible for a well developed 
‘transverse line’, exactly as when growth of the 
epiphyseal cartilage stops altogether, preparatory 
to closure of an epiphysis. 

But it is most important to realize that when 
growth of the cartilage resumes, the stratum under- 
goes its thickening, i.e., ordinarily the phase of 
recovery is the one in which the horizontal stratum 
chiefly develops its thickness. Years ago, when he 
was experimenting with vitamin A deficiency in the 
rat, Wolbach fully realized that the basic stratum 
formation occurred during the slowing of growth of 
the cartilage and that its thickening was a recovery 
phenomenon, though he did not discuss this at the 
time.* The explanation of the thickening, when 
growth of the cartilage resumes, is as follows. When 
growth is resumed, the cartilage cells at once begin 
to divide but are obliged to complete their matura- 
tion cycle before it is possible for the shaft forces, 
the capillary-osteoblast complexes, to invade them. 
They cannot penetrate until the columns have 
formed and also their lowermost cells have de- 
generated and died, and this stage is not reached 
until the cycle is completed. The completion of the 
maturation cycle of the cartilage requires time, since 
it involves division, maturation, arrangement in 
columns, senescence, and finally death, as already 
explained. In this lag period the osteoblasts, which 
are able to form bone immediately, cover the under- 
surface of the basic horizontal stratum with new 
layers (Figs. 3c and p). This thickening continues 
until the maturation cycle of the cartilage cell has 
been completely re-established and longitudinally 
disposed columns of cartilage cells once more have 
formed with longitudinally disposed matrix frame- 
work. Then the capillary-osteoblast complexes 
break through the stratum into the cartilage columns 
beyond, and the process of trabecular formation 
in the longitudinal direction is resumed (Fig. 38). 
With the passage of the wave of active growth 
through the line into the growing cartilage beyond, 
the thickening of the line comes to an end. 

For the purpose of making clear the cellular 
mechanics of transverse stratum formation we 
assumed that growth of the cartilage had stopped 
entirely and its undersurface had been rendered 
trabecula free. But, as transverse stratum formation 





* —— 
Personal communication. 


ordinarily occurs in the child, the underlying 
trabeculae have still remained intact. However, the 
principle of formation is exactly the same as that 
described. With the slowing or arrest of longitudinal 
growth the osteoblasts cover over the under surface 
of the cartilage in the horizontal direction with the 
basic bone film, knitting the trabeculae together at 
their bases and with it the under part of the matrix 
frame. Then when growth activity is resumed, they 
thicken the stratum. In the transverse strata of the 
bones of children, which have been a common 
finding in the studies by Follis and myself, one can 
see incorporated in the substance of the stratum the 
patterns of the bases of the trabeculae as they were 
at the time when the line formed (Fig. 3F). 

In conversation Dr. John Caffey once expressed 
doubt that transverse ‘lines’ in bones could always 
depend on growth inhibition, for he had observed 
in children, one of whose limbs was growing faster 
than the other, that the thicker line was in the faster 
growing bone. Since the thickening of the line, 
except at the end of the growth period, occurs 
chiefly during recovery, a proportionately greater 
thickness would be expected in the more rapidly 
growing bone. 

Of course the reason that the horizontal stratum 
of increased density appears as a line in the x-ray 
film is because it is caught on edge. Actually, when 
seen in its three dimensions, its formation is like a 
heavy rope net strung horizontally across the bone. 
The net-like structure is due to the fact that it is full 
of holes, where the blood vessels and osteoblasts 
have broken through, and the bounding cords are 
the interlacing horizontally disposed trabeculae 
(Fig. 4A). The transverse stratum once formed of 
course never moves (Lacroix, 1951). The reason 
that it becomes increasingly separated from the 
cartilage with the passage of time is of course that 
the cartilage keeps growing away from it and new 
normal shaft continues to be formed on the 
epiphyseal side. 


Mechanism of Development and Significance of the 
Growth Retardation Lattice 

As seen in histological section in single plane, it is 

a framework of calcified cartilaginous matrix in the 

interstices of which are large numbers of cartilage 

cells (Fig. 48). It has the pattern of the cartilage for 

the reason that it is nothing other than calcified 


cartilage. In normally growing cartilage the only 
part which is calcified is the provisional zone of 
calcification, i.e., the lowermost layer bordering the 
shaft, and this is only two to three cartilage cells 
deep. But in the condition I am describing, the 
lattice, which is calcified in its entirety, may be as 
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long as the epiphyseal cartilage itself. The gross 
abnormal feature is the existence of this large 
formation of calcified cartilage at the top of the 
shaft which should not be there at all. But the 
formation has special peculiarities. The matrix 
framework is heavy and the vertical limbs of it are 
joined to their neighbours by successions of hori- 
zontal cross bridges. Moreover, the interstices in 
the framework are narrow so that the vertical limbs 





Fic. 44.—Drawing of a transverse stratum, showing its formation 
in three dimensions (see text). 


Fic. 4c.—Rib of 3-month-old child, dying of staphylococcal pneu- 

monia and having also obstruction of the pancreatic duct with 

extreme emaciation. x 6; (6) the lattice, composed of calcified 
matrix framework, appearing black. 


lie close to each other. Also its calcification is 
particularly heavy and includes the horizontal 
bridges. The quantity of cartilage cells in the matrix 
frame varies. Perhaps on the average they occupy 
the upper two-thirds. They have round or oval, 
rather faintly staining blue nuclei and the cell bodies 
are clear and so pale that they look almost white, 
furnishing a striking contrast to the blue-staining 
cells immediately above. Curiously, in many 
instances, the nuclei in the cartilage cells immediately 
above the calcified part—the layer of cartilage which 
would have calcified next and become a part of the 
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lattice, if life had continued—are shrivelled in con- 
trast to the perfect round or oval contour of the 
nuclei in the lattice immediately below. In the 


lower one-third or so of the lattice the cartilage cells 
have been removed or are in the process of being, 
and there one finds the removers, namely the capil- 
laries and ancillary osteoblasts. But these invading 
complexes of vessels and cells are found only here 
and there and extend upwards into the lattice 


Fic. 48.—Rib of 18-month-old child, dying of pertussis and broncho- 

pneumonia of four weeks’ duration. 50. The lattice (b), represent- 

ing the framework of calcified matrix, is beautifully shown with its 
(a) contained cartilage cells. 


Fic. 4p.—X-ray film from Fig. 4c showing shadow cast by lattice. 


irregular distances. Osteoblasts can usually be 
discovered in the lacunae, formerly occupied by the 
cartilage cells, and often they appear to be filling 
these with bone. They seem to pick out the most 
secluded lacunae, those lying at the outermost fringe 
of the capillary distribution; along the main tracks 
of invasion one finds here and there thin films of 
bone, but frequently none. But the lattice is 
essentially composed of the calcified matrix substance 
of the cartilage with only a small admixture of bone, 
and of course in the larger part of it, since that !s 
occupied solely by the cartilage cells, there is none. 
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An additional feature of great importance is that 
in the shaft, in these cases of extensive lattice 
formation, the osteoblasts are invariably found in a 
state of extreme atrophy. 

What is the explanation of this over-development 
of calcified cartilage? The reason is obvious. The 
osteoblasts have been either so reduced in number 
or rendered so impotent that they have been unable 
to perform their function of destroying the cartilage 
cells, thinning out the lattice and building bone. 

The failure to thin out the lattice requires a word 
of explanation. I emphasized at the beginning that 
the osteoblasts possess two opposite functions, 
creative and destructive. Normally, at the moment 
when they destroy the cartilage cells at the cartilage- 
shaft junction, they begin to form bone on some parts 
of the matrix frame and destroy other parts. In order 
to make my point clear, suppose that, if just under 
the cartilage-shaft junction they have succeeded in 
destroying perhaps one-half of the framework, a 
little farther down in the shaft two-thirds will have 
been destroyed, and still further down, nine-tenths. 
The parts which survive are presumably those which 
are essential structurally and protected because they 
are stimulated by stress and strain: the ones which 
are destroyed are, again presumably, those which 
are structurally useless or become so with increasing 
linear growth. Those that remain become increas- 
ingly thick as the result of being covered repeatedly 


with fresh layers of bone. This selective destruction 
of the trabeculae of the lattice is what I meant by 


thinning. The persistence of the lattice, virtually 
in toto, is much more striking evidence of the 
failure of destructive function than is the paucity of 
the bone formation on it evidence of constructive 
action. The inability of the osteoblasts to attack 
the cartilage and deal with it immediately, as fast as 
it is produced, is actually the same phenomenon as 
the one so evident on the surfaces of the trabeculae 
lower down in the shaft, where the osteoblasts seem 
to have relapsed into complete futility. The way 
then that the formation develops is that the cartilage 
keeps growing, i.e., producing more and more of 
itself, the product keeps calcifying and the whole, 
femaining intact, keeps accumulating in ever increas- 
ing amounts in front of the shaft. In transverse 
stratum formation the fault is failure in growth of 
the cartilage; in the growth retardation lattice it is 
in osteoblastic function. 

In the nutritional injuries caused by severe illness 
the cartilage cells like the osteoblasts shrink, and at 
the same time the amount of matrix substance which 
they form is increased. The reason that the matrix 
frame appears so thick then is because it has been 
produced in excess and the reason that the inter- 
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stices of the lattice are narrower than normal is 
because they represent the spaces occupied by the 
shrunken cartilage cells. Calcification is so heavy 
because, with the slowing of growth, calcium salt 
deposition in the matrix had time to augment by 
adsorption. The reason for the cross bridging is 
that the cross bridges of matrix, which are nothing 
more than the horizontal partitions of the matrix 
frame separating the cartilage cells from each other, 
plus the walls of the capsules above and below, have 
not been carried away by the capillaries and osteo- 
blasts, owing to the suspension of invasion. The 
reason that the cross bridges are so heavily calcified 
is because time has allowed the calcium salts to 
extend into them. 

For some time Follis and I believed the reason 
that the lattice was not invaded was because its 
heavy structure, and in particular cross bridging, 
formed a mechanical barrier. These do interpose a 
mechanical barrier as soon as the normal growth 
processes become re-established. Then the vascular- 
osteoblastic complexes make detours in order to get 
into the lattice where they can do so most easily and 
create broad vertically running paths of destruction 
often quite far separated from each other. The result 
is often a destruction of the lattice piecemeal so that 
chunks of it are isolated and left behind. The osteo- 
blasts working their way into these chunks fill them 
with bone, converting them into giant trabeculae. 

The growth retardation lattice has a similar origin 
to that of the metaphysis in rickets. But in rickets 
the fault lies in the impenetrability of the cartilage, 
not in the impotence of the osteoblasts. The lattice 
in scurvy develops in identically the same way as 
the result of an absolutely complete inactivation of 
the osteoblasts, whereas cartilaginous growth is able 
to continue. In scurvy the lattice remains com- 
pletely free from any bone formation with the result 
that it fractures and shivers into fragments, while in 
the growth retardation lattice there is sufficient bone 
formation to prevent fracture. 

The reasons that the growth retardation lattice 
casts a dense shadow in the x-ray film is clear enough; 
the density of the shadow is due to the density of 
the thicket of heavily built, compact, heavily calcified 
matrix frame (Figs. 4D and £). I have often been 
asked by younger members of the staff to look at 
x-ray films of young children because of a shadow 
at the end of a long bone which suggested lead 
poisoning. It was evidently not that, but was 
growth retardation lattice just described. 


Dissociation of Cartilage Cell and Osteoblast 
The fact that the cartilage cells continue to 
multiply while the osteoblasts of the shaft cease to 
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be able to function, which, as just stated, is the basis 
for the formation of the growth retardation lattice, 
raises the general topic of dissociation between the 
growth activities of the cartilage and of the bone 
cells, a subject already discussed by Follis and me 
(Follis and Park, 1952). Such dissociations occur 
in a whole variety of pathological conditions. 
Chondrodystrophy is a classic example of one kind. 
In it, the cartilage cells lack the power to grow—in 
reality they multiply but at much reduced rates and 
the rates vary in different places. The variation in 
different parts of the epiphyseal cartilage is respon- 
sible for the curvatures produced in the shaft; the 
shafts are propagated bent like the sabre shin in 
rickets (Park, 1932) or the incisor teeth of rodents. 
The defect in this disease is primordial; the stuff of 
growth is not there. But there is nothing wrong 
with the osteoblasts, so that the shafts become thick. 
In osteogenesis imperfecta the reverse is the case; 
the cartilage retains its growth power, while the 
osteoblasts are able to produce only small quantities 
of highly defective matrix, as shown by the interest- 
ing studies by Follis (1952). The failure of the 
osteoblasts to produce normal amounts of matrix 
is shown in the finished bone by the closeness of the 
osteocytes to each other; the matrix formation was not 
adequate to spread them. Again here the defect is in 
the primordium but this time in osteoblastic function. 
In beautiful experiments of years ago, Wolbach (1933) 
and Wolbach and Howe (1926) showed that in scurvy 
the osteoblast has lost the power to form collagen, 
and Follis (1951) has carried knowledge still further 
by demonstrating that in the absence of vitamin C, 
additional to failure in collagen production, the 
osteoblasts exhibited a decreased cytochrome 
oxidase and phosphatase activity and a reduction in 
ribosenucleic acid content as well. Thus, in scurvy 
new bone cannot form, but the cartilage continues to 
grow, for a time at least, and keeps forming calcified 
lattice which the shaft is powerless to take unto itself 
and transform into bone and equally powerless to 
destroy. Scurvy is a classical example of acquired 
dissociation, the cartilage cell retaining its growth 
power and the osteoblasts in complete functional 
failure. In congenital syphilis there is a similar 
dissociation, for the cartilage continues to grow but 
the osteoblasts in the spirochaetal areas are in- 
activated both in respect to their building and 
destroying function, so that the cartilage lattice 
develops at the end of the shaft by the same accumu- 
lative process as in scurvy or the growth retardation 
lattice just described. In experimental studies on 
vitamin A deficiency Wolbach (Wolbach, 1947; 
Wolbach and Bessey, 1941) noted a specific acquired 
dissociation characterized by complete growth cessa- 


tion of the cartilage, while appositional bone forma. 
tion by the osteoblasts continued. Wolbach wrote: 
“My own studies had convinced me several! years 
ago, that, after endochondral bone formation had 
ceased in vitamin-A-deficient animals, appositional 
bone formation continued, and in certain locations 
apparently became excessive. Restudy of bones 
from vitamin-A-deficient animals, in the light of 
information obtained from the study of growth 
patterns of normal bones and of bones of animals 
which had been given greatly excessive amounts of 
vitamin A, has made clear the fact that appositional 
bone formation in the A-deficient animals con- 
tinues, until inanition supervenes, in strict con- 
formity to normal growth patterns, both as to 
situation and rate.’* 

I might cite other examples, but what I wish to 
bring out is that in our studies of children who have 
died from severe illness Follis and I have frequently 
encountered a dissociation of an entirely non-specific 
nature, depending presumably on nutritional failures 
of a general kind. In few instances it has been the 
cartilage cell which has been especially affected, 
either ceasing to grow or multiplying at a diminished 
rate, while the osteoblasts retained their function 
better and were able to thicken the trabeculae already 
formed. This kind of dissociation, cartilage cell 
failure and retention of osteoblastic activity, is the 
normal condition when growth of the cartilage 
comes to an end physiologically, that just preceding 
closure of an epiphysis, while osteoblastic action 
continues as long as life lasts. But far more com- 
monly in our studies it has been the osteoblast 
which has lost its constructive vitality, while the 
cartilage cell has been able to continue linear 
growth. 


The Cause of these Dissociations 


The cartilage cell and the osteoblast differ in a 
variety of ways. That they differ metabolically is 
illustrated by the facts already mentioned, that under 
vitamin A deficiency cartilage growth stops while 
bone formation continues and that under vitamin C 
deficiency the osteoblasts cannot form bone, while 
the cartilage cell is able to produce cartilage. Both 
kinds of cells seem equally under the influence of 
the growth hormone, but the parathyroid hormone, 
while affecting the osteoblasts, leaves the cartilage 
cell alone. The cartilage cell growth is influenced 
by mechanical stimuli but only to a slight extent as 
compared to the osteoblasts whose activity is turned 
toward formation or destruction like a ship by its 
rudder. Witness the remodelling of bone after 
fracture or after the bending caused by rickets, when 
the components structurally useless are removed as 


* Wolbach, 15b, p. 181. 
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fast as new bone formation is required. In other 
words, the osteoblast presides over the bone mass, 
continually adjusting it to the mechanical needs. 
Moreover, it is probable that the osteoblasts are the 
guardians of the great calcium reservoir in the 
skeleton. The duty of the cartilage cell in contrast 
seems to be limited to the single track of growth. 
The stress and strain factors in the regulation of 
osteoblastic activity must be particularly important, 
and in this regard one must bear in mind that the 
sick child, more or less immobilized in bed, is 
deprived of the stimuli which keep formation active, 
and that the bone mass is in process of reduction 
to the lesser needs of existence in bed. 

Of course there is abundant evidence for the 
dependence of bone growth on the blood supply. 
Pease (1952) has recently summarized the literature 
in connexion with his own experiments, showing 
that a whole variety of conditions, which have the 
common factor of increasing the circulation, 
stimulate longitudinal growth. Reduction in the 
circulation from local or systemic causes could 
undoubtedly produce the regressive changes in both 
cartilage and shaft caused by illness, but in that case 
the changes should correspond. We suggest that 
the regulating factor which determines the growth of 
the epiphyseal cartilage is its nutrient supply, but 
that the osteoblasts, within normal circulatory 
limits, are under the direct control of a variety of 
factors, as numerous as their functions, which vary 
according to the body’s needs at the moment. 
These considerations perhaps make the dissociation 
between the two kinds of cells less to be wondered at, 
but we realize that the teleological thinking does 
not offer any real explanation of the cause. 


Significance of the Growth Disturbances of Cartilage 
and Shaft 


The slowing of growth of the cartilage and the 
regressive changes in the shaft mean that under 
severe illness the organism as a whole is freed, 
largely, if not entirely, from the load of supporting 
growth in a large area; in crisis the skeleton 
eliminates itself or is eliminated from the body 
economy. The cellular changes which we have 
described in the bone are visible there because of 
its peculiarly open structure and its durability. It 
would be interesting to know if in emergency other 
tissues of the body, not essential to keeping alive, 
behave similarly. 

Summary 


. I have demonstrated the growth pattern character- 
istic of health in the bone of the young child, not too 
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easy to determine, and its modification under the 
stress of severe illness and shown that in times of 
prosperity bone-forming cells grow big and crowd 
the bone surfaces and are producing bone rapidly, 
but in times of severe illness they give up their 
activity, shrink and revert to other forms and 
disappear until the trabeculae look almost bare; 
the picture of extreme cellular activity in a few days 
changes to an almost complete inertia. The study 
has made clear that one must think of bone, in the 
early period of life certainly, not as an inert tissue, 
but as a buzzing hive of activity and also as a highly 
sensitive tissue, adapting itself rapidly to variations 
in the general well being and so constituted that in 
times of special strain it can relinquish its growth 
activity entirely and relieve the general economy by 
elimination of that added burden. 

One must also think of growth in bone as not 
necessarily a continuous process but rather as one 
linked closely to the general state and subject to 
exacerbations and checks and rises and falls in rate 
to correspond with variations in the latter. Finally, 
I have shown, with reference to growth under 
environmental conditions in common, that the 
cartilage cell and the osteoblast can behave very 
differently, even oppositely, and in pointing out the 
differences I have tried to make clear what the lines 
of arrested growth of the cartilage and the growth 
retardation lattice, both of which are visible in the 
x-ray film, actually were and how each came into 
being and how they both depended on opposite 
combinations of divergencies in the growth opera- 
tion of the two tissues. 
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Both retrolental fibroplasia and cerebral diplegia 
are known to occur more frequently in infants born 
prematurely than in those born at term, and the 
chance association of the two conditions might 
therefore be expected in a small number of prema- 
ture infants. In the course of two contemporary 
investigations, the first a survey of the occurrence 
of retrolental fibroplasia in the City of Edinburgh 
during the five years 1948-1952 (J.D.K.), the second 
a survey of the aetiology and incidence of cerebral 
palsy in the same city (T.T.S.I.), the two conditions 
were found in association in six instances. From a 
consideration of the case incidence of the two 
diseases, it appeared that the association was more 
frequent than would be expected by chance, and 
that there were probably aetiological factors other 
than prematurity common to both retrolental 
fibroplasia and cerebral diplegia. In the present 
study the common factors thought to lead to the 
association of the two diseases are considered. 


Scope and Methods of the Survey of Retrolental 
Fibroplasia 


This survey was confined to the study of surviving 
prematurely born children delivered and resident in 
the City of Edinburgh, though a number of children 
born outside the City were also examined. 

During 1952 health visitors of the local health 
authority saw all surviving children with birth 
weights of 54 lb. or less. A questionnaire giving 
details of the ante-natal, natal and post-natal history 
was completed for each child. Any baby showing 
visual or other physical defect was routinely 
examined at a special clinic. In addition, all babies 
born during 1952 with birth weights of 4 Ib. or less 
were examined routinely at monthly intervals until 
the age of 6 months. Each examination consisted 
of weighing, measuring, physical assessment and 
inspection of the babies’ fundi by a consultant 
ophthalmologist. 


If any ocular abnormality was discovered the 
infant’s eyes were re-examined under general 
anaesthesia and the infant followed up more 
frequently. The infants who had fully developed 
retrolental fibroplasia before 1952 were examined 
in a similar manner on one or more occasions, as 
indicated. 

Twenty-one cases of retrolental fibroplasia were 
discovered and six of these showed associated 
cerebral diplegia. One of the six infants was born 
outside Edinburgh although domiciled in the City. 


Scope and Methods of the Cerebral Palsy 
Survey 


The cerebral palsy survey includes all children 
resident in Edinburgh born between 1938 and 1952 
inclusive. Owing to the conditions of the survey 
the examination of only very limited population 
samples was possible. For the most part ascertain- 
ment was through hospitals, clinics, schools and 
nurseries to which the children had been referred. 
Since a number of cases of diplegia are not referred 
to clinics until they are over 2 years of age, it is 
probable that a number born since 1950 have been 
missed. Since the screening of children born 
prematurely was so thorough during the retrolental 
fibroplasia survey it is more likely that diplegic cases 
born at term have been missed than those born 
prematurely. 

All children in whom there was the least suspicion 
of cerebral palsy were submitted to routine neuro- 
logical examination. Sixty-two cases of cerebral 
palsy born in the years 1948-52 and resident in 
Edinburgh were discovered and of these 29 cases 
showed cerebral diplegia. Cerebral diplegia is con- 
sidered as a condition of more or less symmetrical 
spastic or rigid paralysis dating from birth or shortly 
after and more marked in the lower than in the 
upper limbs. It excludes cases in which disorder 
of movement, dyskinesis, or ataxia are the presenting 
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features, even if a degree of diplegic paralysis is 
associated with these disorders. The diplegic cases 
to be considered comprise children suffering from 
rigid or spastic paralysis of varying severity and 
extent, of paraplegic, triplegic or tetraplegic distribu- 
tion. Such cases were called ‘Little’s disease’ by 
Freud (1897). Of the 29 cases of cerebral diplegia 
born in the years 1948-52 and now resident in 
Edinburgh, 24 were born in the City. Six of the 
infants showed both diplegia and retrolental fibro- 
plasia; one was born outside Edinburgh. 


Description of Cases Showing Retrolental Fibroplasia 
with Cerebral Diplegia 


Clinical details of the six patients showing retro- 
lental fibroplasia and diplegia are summarized in 
Tables 1 and 2. 

It will be seen that all were born prematurely with 
birth weights of under 4 lb. In three cases there 
was premature rupture of the membranes and in 
three ante-partum haemorrhage. In no case was 
pregnancy normal. In three cases the placenta was 
abnormal and weighed only 12 oz. in Case 1. 

In four cases the presentation was vertex and 


spontaneous delivery took place under trilene or 
chloroform analgesia. In two cases the child was 
delivered by assisted breech extraction, in one 
following prolapse of the cord. 

Five of the six cases were stated to be in poor 
condition at birth while the sixth was said to be in 
fair condition. All required incubation and pro- 
longed continuous oxygen therapy for more than 
one week after birth. In three cases the lung 
expansion was specifically stated to be very poor 
for as long as seven days after the birth. 

Two cases had congenital inguinal herniae at the 
time of birth. One case had a valgus deformity of 
the foot and one a congenital haemangioma. 
Cases 3 and 5 had persistent respiratory infections 
throughout infancy and both were admitted to 
hospital suffering from pneumonia within the first 
four months of life. 

On discharge from the maternity hospitals the 
first abnormality relating to retrolental fibroplasia or 
cerebral diplegia observed by the mothers was the 
child’s apparent inability to see in four cases. The 
ages at which medical help was sought were 10, 12, 
17 and 24 weeks in Cases 1, 2, 3 and 6 respectively. 


TABLE | 


ANTE-NATAL AND NATAL HISTORY IN SIX CASES SHOWING CEREBRAL DIPLEGIA AND RETROLENTAL 
FIBROPLASIA 
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Gestation (Weeks) 
Age of Mother at 
Social Class 


Year of Birth 
(Father) 


Ante-natal History 
Natal History 





J Birth Weight 
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One previous child alive Premature rupture of 


Vertex presentation spon- 


and well; miscarriage at membranes at 28 weeks taneous delivery, labour 


3 months in 1945 18 hr. 40 min., 


: trilene 
anaesthesia, placenta 120z., 
no infarcts 





One previous child alive Rupture of membranes at 


and well; miscarriage in 


1947 


5 months; admitted to 
hospital and kept till 
delivery 


Breech extraction, labour 
18 hr. 30 min., chloroform 
anaesthesia 





One previous child alive 
and well; miscarriage at 
2 months in 1950 


Haemorrhage 3 days 
before delivery; leg 
cramps for 2 months 
before delivery 


3 days poor pains—8 days 
good pains, vertex pre- 
sentation, trilene anaes- 
thesia, placenta pale and 
abnormal 





One previous child alive 
and well; father alcoholic 


Haemorrhage 1 week 
before delivery and pro- 
fuse the day before 
delivery 


Prolapse of cord, breech 
extraction, labour 3 hr. 

min., trilene anaes- 
thesia, hole in membranes 
at placental edge 





One previous child alive 


and well; 


two aunts tuberculous, 
ovariectomy in 1949 


Profuse haemorrhage two 
days before delivery 


Vertex presentation, 

labour 5 hr. 45 min., 
chloroform anaesthesia, 
placenta 15 oz., no infarcts 





First pregnancy 


Severe influenza at 3rd 
month of pregnancy, 
premature rupture of 
membranes 


Vertex presentation, spon- 
taneous delivery, labour 
5 hr. 30 min., Minnitts 
anaesthesia 
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TABLE 2 


NEONATAL AND POST-NATAL HISTORY IN SIX CASES SHOWING CEREBRAL DIPLEGIA AND RETROLENTAL 


FIBROPLASIA 





Condition at 


Case Birth 


Neonatal History 


Post-natal History 


Eye Examination 


ieee 


Central Nervous System 
Examination 





1 Asphyxiated, re- 
ponded slowly to 
oxygen 


Poor lung expansion for 
one week, inguinal hernia 
noted 


Legs stiff and extensor 
spasms from age of 3 
mth., milestones delayed, 
general health good, 


| walking at 4 yr. 


Defective vision noted at 
10 weeks of age, bilateral 
retrolental membranes, no 
vision 


Some sparing of right arm, 
Severe spastic  diplegia, 
intelligence probably sub. 
normal 





Very limp, 1 ml. 
coramine given into 
| cord 


Oxygen given for 10 
weeks; valgus deformity 
of foot; jaundice at end 
of first week 


Using left hand at 6 mth., 
not using right hand, 
milestones delayed, grand 
mal fits from age of 3 
years 


Defective vision noted at 
12 weeks of age, bilateral 
retrolental membranes, no 
vision 


Severe spastic diplegia, 
associated extensor re. 
actions, Overactive be- 
haviour disturbance, 
subnormal mentally 





| Asphyxiated infant 


Oxygen given for 3 weeks, 
very feeble, tube fed for 
10 days 


Milestones normal, pneu- 
monia at 4 months. otitis 
media at 8 months 


Looked to one side at age 
of 4 mth., retinal fold in 
left eye, pale areas sur- 
rounded by pigmentary 
changes at periphery of 
both fundi 


Moderately severe spastic 
diplegia, speech defect, 
abducent muscle weakness, 
intelligence probably 
normal 





| Poor condition, 

| cyanosed and feeble, 

| intermittent CO, and 
Oz given 


| Persistent poor lung, ex- 


pansion for one week, 
inguinal hernia 


Milestones normal save 
not walking at 23 yr. of 
age, grand mal fits from 
23 wks., hernia repair at 
4 months 


Given 6 wk. course of 
cortisone at 4 mth., right 
eye became normal, left 
eye deteriorated with 
fibrous mass in anterior 
vitreous with scattered 
pigmentary change tem- 
porally 


Moderately severe spastic 
diplegia, arms _ slightly 
affected, some athetosis in 
hands especially the right, 
left abducent paresis, in- 
telligence normal 





| Shocked, cyanosed, 
responded to oxygen 


Poor lung expansion for 
one week, repeated res- 
piratory infections, anae- 
mia required transfusion, 
small haemangioma 


Milestones delayed, re- 
current respiratory in- 
fections, pneumonia at 
15 wk. of age, recurrent 
otitis media 


Bilateral retrolental mem- 
branes, no vision 


Very severe spastic 
diplegia and amentia 





Condition fair 


| Slow to feed, 2 mth. in 


incubator 


Milestones normal, 
general health good 


Defective vision noted at 
6 mth., nystagmus, visual 
activity mainly by right 
eye, left fundus shows 
retinal fold running later- 
ally from the disc 


Severe spastic diplegia 
affecting left arm rather 
more than right, bilateral 
abducent paresis, intelli- 
gence on test probably 
lower than normal 





In Case 5 lethargy and extreme backwardness were 
the presenting symptoms. In this patient the mother 
suspected blindness only at the age of 6 months. 

Only in Case 1 was specific complaint made by 
the mother of any abnormality in the limbs. In all 
the others they complained of backwardness, blind- 
ness or both. In Cases 1 and 5 the mothers had 
noted that the child became stiff on handling. In 
each case the onset of stiffness was sudden and 
resulted in transient opisthotonic attitudes being 
assumed for a few seconds, without impairment of 
consciousness. The attacks occurred for a period 
of three months in Case 1 and persisted until after 
the age of 2 years in Case 5. 

Two of the children with partial vision had been 
Observed by their mothers to look sideways at 
objects from the age of a few months. On examina- 
tion useful vision was considered to be present in 
three of the six cases. Two of these (Cases 3 and 4) 
appeared to have intelligence within the normal 
limits, but in the remaining cases intelligence was 
thought to be impaired. The degree of impairment 
was assessed as moderate in Case 6, considerable 
in Cases 1 and 2 and very severe in Case 5. 


It is interesting to observe that the severity of the 
diplegia, the extent of the retrolental fibroplasia and 
the degree of impairment of mentality are roughly 
parallel in the six cases. Thus Case 5, with con- 
tractures of all four limbs and great rigidity, was 
classified as a severe diplegic. He was completely 
blind and grossly mentally defective. Cases | and 2 
showed tetraplegic involvement with early contrac- 
tures, but there was much less severe involvement 
in the arms than in the legs and in each case some 
sparing of one arm was evident. In Cases 3, 4 
and 6 both arms were considered to be functionally 
useful. In Cases 3 and 6 the legs were only 
moderately affected and both walked before the 
age of 2 years. 

Two cases had epilepsy. Case 2 had her first fit 
at the age of 35 months and in spite of anti-epileptic 
drugs, generalized convulsions with loss of con- 
sciousness have occurred, on an average, twice every 
three months. Case 4 had three generalized fits, 
with loss of consciousness, between the age of 23 
and 26 weeks, but these ceased with the administra- 
tion of phenobarbitone. 

Three of the six children (Cases 1, 2 and 5) had 
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TABLE 3 
AETIOLOGICAL FACTORS IN CEREBRAL DIPLEGIA AND RETROLENTAL FIBROPLASIA 





Cerebral Diplegia 


Retroiental 
Fibroplasia 


Both 


Disorders Normals 





Over 
54 Ib. 


54 Ib. and 


53 lb. and 


53 Ib. and 
under 


under 


4 lb. and 


under under 





Number of cases 
Males . . 
Females 

Pregnancy 
Normal on 
Hyperemesis .. ia << 
Pre-eclamptic toxaemia as ae 
Premature rupture of membranes 
Ante-partum haemorrhage . . 
Twin pregnancy Eig 
Other abnormalities 

Delivery 
Normal 
Abnormal ‘ 
Foetal distress 

Placenta 
Abnormal 
No record 

State of child 
Good 
Poor .. 

Neonatal course 
Normal a a oe 
Respiratory abnormalities . . 
Nervous system abnormalities 
Infections £4 

Oxygen therapy 
Less than | week 
More than | week .. 
No record 
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no useful vision due to the presence of bilateral 
retrolental membranes. Cases 3 and 6 showed 
unilateral retinal folds which were not considered 
to be congenital in origin, and Case 4 showed a 
unilateral membrane although in each case the 
opposite eye appeared normal. All three cases 
were thought to have vision adequate for education 
by visual means. 


Study of the Aetiological Factors 


In Table 3 the possible aetiological factors in 
groups of cases of diplegia, retrolental fibroplasia 
and of cases showing both disorders are compared 
with groups of infants showing neither disorder but 
born prematurely. Table 3 includes only those 
children born in Edinburgh. 


Maternal Age and General Health 


Maternal ages were not dissimilar in the groups 
of prematurely born abnormal cases, but there was 
a larger proportion of mothers over the age of 
35 years in the cases of full-term diplegic patients. 
in this latter group, two mothers had failing periods 
lot some months before the conception of the 
affected child. Two mothers, one in the full-term 
diplegic group and the other in the group of 
prematurely born diplegic cases, had ovariectomies 
performed before conception occurred. 


Abnormalities of Pregnancy and Delivery 


With the small numbers of cases in each group 
it is impossible to draw statistical conclusions 
regarding the relative importance of the various 
abnormalities of pregnancy and delivery. 

The incidence of abnormal pregnancy was high 
in all groups. In the cases showing retrolental 
fibroplasia associated with diplegia no normal 
pregnancies occurred. The commonest single 
abnormality of pregnancy in the prematurely born 
cases of diplegia and retrolental fibroplasia, as with 
those showing both disorders, was ante-partum 
haemorrhage. There was no obvious association 
between a particular type of labour and the occur- 
rence of the two conditions. The state of the child 
immediately after birth was poor in all five of the 
cases showing both disorders and in approximately 
one-third of the group of normal premature infants. 

Whereas all five of the infants showing cerebral 
diplegia and retrolental fibroplasia required oxygen 
for prolonged periods, as did those with retrolental 
fibroplasia alone, the necessity for oxygen was less 
marked in the normal premature group and in the 
infants suffering from diplegia only. 

In a large proportion of the group with retrolental 
fibroplasia, and in three of the five showing both 
disorders, lung expansion was very poor for at least 
one week after delivery. 
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TABLE 4 
NUMBERS OF CASES OF CEREBRAL DIPLEGIA AND RETROLENTAL FIBROPLASIA IN EDINBURGH 1948-52 





Year of Birth Corrected Population 


Cerebral Diplegia 


— 


Retrolental Fibroplasia Cerebral Diplegia and 


Retrolental Fibropiasia 





1948 4 
1949 ‘ 10 
1950 i 3 
1951 i 
1952 3 


er 





Total 23 





It is apparent that in many cases of all groups 
more than one abnormality existed. In some, 
pregnancy, delivery and the state of the child at 
birth were abnormal and an unsatisfactory neonatal 
period frequently ensued. This adds to the difficulty 
of assessing the importance of any one aetiological 
factor. 


Incidence of Diplegia and Retrolental Fibroplasia in 
Edinburgh 


In Table 4 are shown the ascertained figures for 
the incidence of retrolental fibroplasia and cerebral 
diplegia in Edinburgh for the years 1948-52. As 
has been noted there is probably some failure of 
ascertainment of diplegic cases. On the basis of 
the figures for the period 1943-47, in which 33 cases 
of diplegia were discovered in a population of 
35,866 children, it is likely that the true incidence of 
diplegia is about one per 1,000 surviving children 
of all birth weights in both periods. Thus in a 
population of 36,400 it would be expected that there 
would be approximately 36 cases of diplegia. Of 
these approximately 40%, or 14-15 cases, would be 
born prematurely. Since 14 prematurely born cases 
were ascertained it is probable that few cases of 
diplegia born prematurely in the years 1948-52 have 
been missed. 

Since all of the 1,257 surviving children prema- 
turely born in Edinburgh in the years 1948-52 were 
followed up during the retrolental fibroplasia survey, 
it seems improbable that any cases of this condition 
have been missed. 

Table 5 shows the incidence of both conditions 


by birth weight in surviving premature infants born 
in Edinburgh. It will be observed that the incidence 
of both retrolental fibroplasia and cerebral diplegia 
increases as birth weight decreases. In the 24) 
surviving children born and resident in Edinburgh, 
whose birth weights were 4 Ib. or less, there were 
11 cases of diplegia and 17 of retrolental fibroplasja, 
That there were, in fact, five cases showing both 
disorders strongly suggests that there may be other 
aetiological factors in addition to prematurity 
common to diplegia and retrolental fibroplasia. 


Discussion 


Discussion will be confined to a consideration of 
the importance of the various aetiological factors 
which are common to cerebral diplegia and retro- 
lental fibroplasia. 


Prematurity. Most observers are agreed that 


retrolental fibroplasia is confined almost exclusively 
to premature infants of low birth weight and that its 
incidence increases as the birth weight decreases. 
No evidence of retrolental fibroplasia has been found 
by the examination of large numbers of full-term 
infants (Griffiths, 1951; Chace, Merritt and Bellows, 
1950) though occasional cases have been encountered 


(King, 1950; Cole, 1950). Ina series of 238 cases of 
retrolental fibroplasia all weighed less than 5 lb. 
and 84% weighed less than 4 Ib. and 10% hada 
birth weight between 3 and 4 Ib. (King, 1950; 
Unsworth, 1951). It has been suggested that, 
irrespective of birth weight, the crucial time for the 
development of retrolental fibroplasia is when the 
infant weighs between 3 and 4 lb. 


TABLE 5 


INCIDENCE OF CEREBRAL DIPLEGIA AND RETROLENTAL FIBROPLASIA AMONG SURVIVING PREMATURE 
CHILDREN BORN AND RESIDENT IN THE CITY OF EDINBURGH (1948-1952) 





Cerebral Diplegia 


Birth Weight Number of 


Cerebral Diplegia and 


Retrolental Fibroplasia Retrolental Fibroplasia 





rvivors " 
Su Number of 
Cases per 


Incidence 
1,000 


Number of 
Cases 


Incidence 
per 1,000 


Incidence 
per 1,000 


Number of 
Cases 





Over 4 and under 54 Ib. .. ,017 Z 1-96 


——— 


235 





4 lb. and under ois 11 


45-83 


70-82 





Total («42S 13 


10-34 


15-91 
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The connexion between diplegia and prematurity 
is generally agreed to be less close than that between 
prematurity and retrolental fibroplasia. That pre- 
mature birth is important in the aetiology of diplegia 
has been recognized for many years and at one time 
was considered the most important known cause of 
the condition (Little, 1862; Brissaud, 1894). Little 
appears to have been the first author to have 
recognized the significance of prematurity in the 
aetiology of diplegia. He did not regard it as the 
only cause of the condition and noted the importance 
of other forms of abnormal parturition. He thought 
the occurrence of abnormal positions of the child, 
difficult delivery of the child on account of rigidity 
of the maternal soft parts, versions, and torsions of 
the cord were also important in the aetiology of his 
cases. He believed that they caused damage to the 
nervous system because they resulted in neonatal 
asphyxia and consequent intracranial haemorrhages. 

A number of surveys of large series of cases of 
diplegia were published towards the end of the last 
century and the aetiology of the condition was more 
systematically studied. It became increasingly 
apparent that the causes of diplegia were multiple 
in many cases, and that prematurity itself could not 
be regarded as directly causal. 

Great efforts were made to assess the relative 
importance of hereditary taints, Little’s factors and 
maternal and extra-uterine abnormalities in the 
aetiology of the various types of diplegia (Freud, 
1893, 1897; Ganghofner, 1895). Recent surveys 
have continued to show a high incidence of pre- 
maturity in patients with diplegia (Evans, 1948; 
Asher and Schonell, 1950; Pohl, 1950; Hellebrandt, 
1951). Nevertheless the recent trend has been to 
consider prematurity of importance chiefly in 
predisposing to asphyxial states in the newborn 
(Cole, Kimball and Daniels, 1939; Macgregor, 1943; 
Evans and Smith, 1946). In general more stress is 
now laid on the importance of anoxic states in the 
premature infant than on prematurity itself as a 
cause of diplegia (Wilson, 1940; Ford, 1952). 


Genetic and Developmental Abnormalities. The 
idea, first discussed by Freud, that underlying 
disturbances of the relationship between mother 
and foetus might result in disturbances of pregnancy 
and delivery and abnormalities in the foetus has 
received more recent support. It has been suggested 
that most cases of diplegia are due to primary 
neuronal degeneration occurring during pre-natal 
Or post-natal life. Abnormalities of pregnancy or 
delivery or the presence of asphyxia are regarded as 
merely coincidental manifestations of the underlying 
disturbances of the relationship between mother 
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and foetus. They are not thought to be of direct 
importance as causes of diplegia (Collier, 1899, 
1924). 

Recent pathological studies have tended to confirm 
that primary neuronal degeneration is important as 
a cause of diplegia in a proportion of cases. But 
it has been pointed out that the types of cerebral 
lesions are too diverse to be due to any single cause 
and that multiple aetiological factors must be 
postulated. The significance of the finding of 
neuronal degeneration and to what extent it may be 
accepted as being primary are also matters for 
discussion (Patten, 1931; Stewart, 1942). 

The theory that genetic factors might be important 
in the aetiology of diplegia in some patients receives 
support from the results of a study of 66 mentally 
defective diplegic patients. It has been suggested 
that there might be some relationship between 
genetic factors producing diplegia and some types 
of mental deficiency (Penrose, 1938). 

A syndrome of congenital encephalo-ophthalmic 
dysplasia has been described. In its fully developed 
form it consists of various abnormalities of the eye, 
including retrolental fibroplasia, malformation of the 
cerebrum and single or multiple cutaneous haeman- 
giomas. Isolated manifestations of the syndrome are 
commoner than the fully developed form. Thus 
abnormality of the cerebrum or haemangiomas may 
be lacking in cases showing ocular lesions, or ocular 
lesions absent in those showing cerebral damage. 
The cause of the condition is considered to be foetal 
anoxia and the resulting manifestations depend on 
the state of foetal development when the anoxic 
insult occurred. In fact, the descriptions of the 
condition appears to imply only that foetal anoxia 
is capable of producing cutaneous haemangiomas, 
cerebral disorder and ocular abnormalities, either 
alone or in combination (Krause, 1946; Ingalls, 
1948). 

Some observers think that retrolental fibroplasia 
is a form of retinopathy resulting from anoxia. 
Changes in other tissues, similar to those occurring 
in the eyes, have been observed. These affect the 
brain most frequently, and, depending on the stage 
of cerebral development at the time of the anoxic 
insult, the infant may or may not show cerebral 
palsy and mental retardation (Szewczyk, 1952). 


Birth Injury. There has been no serious attempt 
to incriminate birth injury as a cause of retrolental 
fibroplasia, except in so far as abnormal birth is a 


cause of asphyxia. The position is very different 
when diplegia is considered. It is generally conceded 
that the causes of diplegia are diverse and that it 
is frequently due to multiple aetiological factors. 
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On the other hand, Collier’s claim that abnormal 
birth is practically never the cause of diplegia has 
been rejected by most workers since his time. It 
appears to be generally agreed that difficult birth is 
important in the aetiology of diplegia, but that it 
usually causes cerebral damage by producing anoxia. 
A smaller number of cases probably do receive 
direct cerebral injury at the time of birth. Little’s 
factors therefore remain important. 


Anoxia. In the survey of retrolental fibroplasia 
it was found that the presence of anoxia was 
prominent in the pre-natal and neonatal periods 
of the cases that developed the condition. After 
analysing all the factors which might have produced 
an anoxic state in the foetus or newborn, it was 
found that the affected babies had received, on an 
average, almost twice the number of anoxic insults 
as had the infants who showed no signs of the 
condition. If anoxia was a factor in the production 
of retrolental fibroplasia, it would be expected that 
the affected infants might show features other than 
the eye condition (Szewczyk, 1952). Apart from 
the cases showing cerebral diplegia four infants 
suffering from retrolental fibroplasia were con- 
sidered to be subnormal mentally compared with 
16 of the 224 infants born prematurely and showing 
no ocular abnormality. 

Of necessity, the place of anoxia in the aetiology 
has been mentioned repeatedly in discussing other 
possible causal factors. The relative frequency with 
which prematurely born infants develop diplegia 
has been explained as being a result of the greater 
incidence of pre-natal or neonatal anoxia in this 
group than amongst those born at term. Moreover, 
the premature infant, though probably less likely to 
die, is more likely to suffer cerebral injury from a 
given anoxic insult than an infant born at term. 
It might be expected, therefore, that a larger propor- 
tion of premature infants than of infants born at 
term might survive to show cerebral lesions which 
were the results of anoxia (Gruenwalk, 1953). 

In view of the above it is interesting to observe 
the much higher incidence of anoxic insults in the 
retrolental fibroplasia and premature diplegic groups 
than in the full-term diplegic infants or those 
prematurely born showing neither disorder. 


Oxygen. It is not proposed to discuss fully the 
part played by oxygen therapy in the production of 
retrolental fibroplasia, a subject recently reviewed by 
Ashton, Ward and Serpell (1953). 

One possible explanation of the relationship 
between retrolental fibroplasia and oxygen therapy 
may be related to certain similarities between the 


adult with cor pulmonale, the result of long. 
continued pulmonary disease, and the premature 
infant with much pulmonary atelectasis. In both 
cases there is inadequate respiratory exchange, a 
relatively high blood carbon dioxide content, a 
raised alkali reserve and a tendency for respiratory 
activity to be stimulated to a greater extent by 
oxygen lack than by carbon dioxide excess (Meakins 
and Davies, 1925; Windle, 1940; Smith, 1951), 

The accumulation of carbon dioxide in the blood 
and tissues, well above physiological levels, which 
may be precipitated by oxygen therapy in adult 
patients with cor pulmonale may result in drowsj- 
ness, cerebral vasodilatation, an increase of cerebro- 
spinal fluid pressure and papilloedema (Beaumont 
and Hearn, 1948; Davies and Mackinnon, 1949), 
Having been greatly interested in these manifesta- 
tions which were observed in detail in seven patients 
with cor pulmonale it seemed possible to us that a 
somewhat similar series of events occurred in 
premature infants with much pulmonary atelectasis 
when treated with oxygen. Marked drowsiness, 
dilatation of the retinal vessels, most markedly the 
veins, and apparently moist, glistening fundi were 
frequently observed in such infants within 24 hours 
of their receiving continuous oxygen, and persisted 
for a week or longer in a number of cases. Ir these 
circumstances failure to absorb the retinal exudate, 
if this is the cause of the glistening retina, might be 
expected to result in its organization and invasion 
by fibrous tissue. To find if such a series of events 
actually occurs obviously requires much more 
research, and clearly does not rule out of considera- 
tion the possibility of other infective or congenital 
factors being present. 

The six infants under review received oxygen for 
an average of seven to 10 days longer than the 
premature infants not affected by retrolental fibro- 
plasia. No convincing evidence has been discoverea, 
however, to suggest that oxygen therapy is an 
aetiological factor in the causation of cerebral 
diplegia, and for this reason oxygen therapy per se 
(as distinct from the anoxia or atelectasis rendering 
its use necessary) is not stressed as a common factor 
in the association of retrolental fibroplasia and 
cerebral diplegia. 


Summary and Conclusions 


Six cases have been described in which retrolental 
fibroplasia and cerebral diplegia occurred in 
association. 

While both conditions are liable to occur in 
premature infants, it appeared probable that the 
frequency of the association was greater than was 
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accounted for by chance, and that in addition to 
prematurity other common aetiological factors were 
operative. 

Possible aetiological factors have been discussed. 
These factors, which were frequently multiple, 
included abnormal pregnancy, abnormal delivery, 
and post-natal asphyxia. 

Prolonged oxygen therapy had been given to each 
of the six cases under review, but whereas there is 
clinical and experimental evidence that oxygen 
therapy may be closely related to the incidence of 
retrolental fibroplasia, the same does not apply to 
cerebral diplegia. 

It is suggested that anoxia in the pre-natal, natal 
and post-natal periods, resulting from the abnor- 
malities described, is important in determining the 
association of retrolental fibroplasia and cerebral 
diplegia in a proportion of prematurely born infants. 


We wish to thank Drs. H. E. Seiler and H. P. Tait for 
providing facilities for the surveying of premature infants 
in Edinburgh, Dr. John Thomson for help with their 
examination, and Dr. G. I. Scott for his reports of the 
vphthalmological findings. The surveys would have 
been impossible without the ready cooperation of the 
many physicians and surgeons who reported and granted 
access to their cases. 

We are most grateful to Professor R. W. B. Ellis for 
much encouragement and assistance during the surveys 
and also in the preparation of this paper. 
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Haemorrhagic diathesis of the newborn is usually 
characterized by a physiological deficiency of pro- 
thrombin and probably also by a deficiency of 
proconvertin (van Creveld, Paulssen, Ens, Mey, 
Versteegh and Versteeg, 1954). Sometimes a third 
clotting-factor, pro-accelerin, is also lacking. We 
found a simultaneous deficiency both of prothrombin 
and pro-accelerin in some cases of intra-uterine 
melaena and of haemolytic disease of the newborn; 
it is also found in severe congenital damage of the 
liver (van Creveld, Paulssen and Teng, 1952). We 
do not know how far in such permanent congenital 
haemorrhagic diatheses as haemophilia, fibrinopenia 
and Christmas disease other clotting factors are 
transiently lacking after birth, as well as a temporary 
shortage of prothrombin and a permanently deficient 
specific clotting factor. Except in these instances 
we Can say that no cases of a haemorrhagic diathesis 
in the newborn are known where a deficiency of 
more than three clotting-factors is found. 

We were able to observe a transitory haemorrhagic 
diathesis in a young infant in whom four clotting- 
factors were simultaneously deficient. It was 
remarkable that this deficiency involved just those 
clotting-factors which are necessary for the whole 
second phase of the coagulation process. 


Case Report 

The infant P. was the third child of healthy parents. 
Apart from a case of diabetes no specific diseases were 
found in the family history, in particular no diseases of 
the blood. The mother’s pregnancy was normal. 
Delivery was normal; neither mother nor child lost an 
abnormal amount of blood, and the child was not 
asphyxiated. The birth weight was 4,500 g. 

Soon after birth the child took feeds poorly and at the 
age of 11 days refused breast and bottle feeding; he 
vomited after feeds. At the same time he became dys- 
pnoeic and appeared to be in pain. At the age of 15 days 
the child was admitted to the Children’s Clinic, Amster- 





*This investigation was made possible by the Netherlands 
Organization for Applied Scientific Research T.N.O. 


dam, on account of feeding difficulties and a bulging 
fontanelle. 

On examination the infant was moderately ill, without 
dyspnoea, cyanosis or anaemia, but with slight jaundice. 
The anterior fontanelle was wide and distinctly bulging. 
No stiffness of the neck or abnormalities of the lungs 
were found. The heart was not enlarged on percussion: 
the heart sounds were pure, the pulse was rapid. The 
abdomen was not protruding and could easily be pal- 
pated. The liver was palpable just below the costal 
margin, the spleen was not enlarged. The femoral 
arteries could be palpated weakly on both sides. No 
abnormal reflexes were found. Lumbar puncture pro- 
duced clear, colourless cerebrospinal fluid, with 17 cells 
per c.mm. and no excess protein. After the lumbar 
puncture the level of the fontanelle was normal and 
consequently did not bulge any more. 

Some hours after admission (one hour after the first 
feed) the child became suddenly cyanotic and respiration 
became irregular. His condition remained the same for 
the next few hours and in that time he twitched slightly 
and occasionally shrieked. Notwithstanding the adminis- 
tration of oxygen and subcutaneous injection of | ml. of 
nikethamide 25%, the colour did not improve. An 
E.C.G. showed biphasic complexes in all leads, with 
notching of the QRS complexes. In the meantime the 
liver rapidly increased to 4 cm. below the costal margin 
in the right mid-clavicular line. Acute heart failure was 
diagnosed and digitalis administered. A radiograph 
showed an enlarged heart with slight congestion of the 
lungs. 

The day after the admission the child’s condition 
improved remarkably: the cyanosis disappeared, but he 
vomited haemorrhagic mucus. The liver was still greatly 
enlarged; a rough systolic murmur could be heard in the 
third and fourth intercostal spaces to the left of the 
sternum. The femoral arteries could not now be felt 
clearly. We suspected heart failure caused by coarcta- 
tion of the aorta. 

During the first few days the child received intra- 
muscular injections of vitamin K, and later on vitamin K 
orally. As ‘digalen’ was not taken by mouth it was 
injected intramuscularly. In the next days the condition 
remained stationary. The child, however, developed 
general oedema. The systolic murmur also remained 
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clearly audible. New E.C.G.s showed increased myo- BaSO, so that the factor F (the plasma thromboplastin 
cardial anoxia. The pulsations of the femoral arteries component) is eliminated (van Creveld and Paulssen, 1953) 
varied greatly from day to day. One month after anda suspension of normal platelets proved to be normal. 
admission the child was still dyspnoeic and took no The results of the repeated examination of the clotting- 
feds by mouth, but was fed by tube. The condition factors are summarized in Table 1, which shows that the 
gemed to improve and the liver decreased in size. prothrombin content of the plasma gradually increased, 
Seven weeks after admission pyrexia and symptoms of as well as that of the other deficient clotting-factors. 
gastro-enteritis developed. The respiration rate in- Twelve days after admission the antithrombin content 
creased, the child groaned, and died within 24 hours. proved to be normal. 
The pathological findings (Dr. van Dam) showed an The marked fibrinopenia on admission as well as the 
infantile type of coarctation of the aorta with a wide 
patent ductus arteriosus. The heart muscle was hyper- . 
rophic. Under the epicardial surface and on the + 4 
pericardium haemorrhages were visible. No endo- A 
cardial fibrosis was seen. 3 


Investigation of the Clotting Factors. The clotting 
factors were investigated because the child vomited 
haemorrhagic mucus shortly after admission. With the 
one-stage prothrombin time test no clotting was found. 
The venous blood did not coagulate. On admission, on 
the fifteenth day of life, we found a greatly decreased 
prothrombin content (47 units), almost total absence of 
pro-accelerin and a low value for pro-convertin. The 
fibrinogen content of the plasma was 0-01 mg. per 
100 ml. The plasma showed no fibrinolytic activity. 
The total protein content of plasma and serum was 
3-7 g. per 100 ml. (lowest normal value 5-5 g.). 

In this infant a very pronounced fibrinopenia was 
found (the normal value in newborns is 0-1 g. per 100 ml. 
and in older children 0-2 g. per 100 ml.), a pronounced 
hypoprothrombinaemia (the lowest value found by us, 
van Creveld, Paulssen, and Teng, 1952, was 66 units 
per ml. in a child on the third day of life) and a nearly 
total absence of pro-accelerin (in normal infants we never £8 te hn sente aff cus auitens 06 ths ann of 30 dun. 
found a value lower than 13 units) combined with a F is the line indicating fibrinogen fraction. 
marked hypoproconvertinaemia (see Table 1). A is the line indicating albumin fraction. 

The clot-promoting influence on haemophilic blood of 
the plasma of our patient was examined on the fifteenth normal fibrinogen content later in the course of the 
day of life. This appeared to be completely normal; the disease were examined by chromatography obtained by 
plasma contained a normal quantity of anti-haemophilic means of paper electrophoresis (Dr. Govers). Fig. 1 
substance. We could assume further that the content of | shows the chromatogram of our patient on the twentieth 
the factor which is lacking in Christmas disease was also _ day of life compared with that of a normal baby of the 
normal, for the so-called thromboplastin-generation test same age. 

(Biggs and Douglas, 1953; Biggs, Douglas, MacFarlane, Parallel with the improvement of the disturbance in 
Dacie, Pitney, Merskey and O’Brien, 1952) performed the clotting mechanism the clotting time in vitro gradually 
with the patient’s serum, the patient’s plasma treated with became normal. 


Fic. 1.—I is the paper electrophoretic protein spectrum of the plasma 
of a normal baby of the same age as our patient. 


TABLE | 
CLOTTING FACTORS 





Age in Days Prothrombin Pro-accelerin Proconvertin | Additional Data 
(units) (units) (%) 





47 1 1 Normal clotting-promoting effect of plasma on haemophilic 
blood (A.H.F.); clotting time indefinite ; one-stage pro- 
thrombin time (Quick) indefinite; thromboplastin generation 

| test normal 
Plasma fibrinogen 0-01 g./100 ml. 
Paper electrophoresis of plasma (repeated at the age of 44 days) 


| Antithrombin normal 


| Plasma fibrinogen 0-18 g./100 ml. 
| A.H.F. normal. Thromboplastin generation test normal 
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Table 2 shows the lowest and highest values found by 


us in normal, full-term, newborn infants. 


TABLE 2 
Prothrombin first day of life 
second day of life 
third day of life 
fifth day of life 
Pa seventh day of life 114-210 u./ml. 
Pro-accelerin during first week of life 13-17u./ml. 
Pro-convertin sixth day of life e .. 15-56% 
* seventh day of life ei on 17-58% 


84-202 u./ml. 
80-158 u./ml. 
66-148 u./ml. 
86-198 u./ml. 


Comment 
The factors which in this patient were temporarily 
deficient are all factors which, according to our 
hypothesis of the clotting mechanism, play a part 
in the second phase of clotting. This is evident from 
Fig. 2. 
Christmas factor 


Anti-haemophilic factor Factor Ill of platelets 
(A.H.F.) 


— eee oe =, Thrombopiastin + Catt 
Pro-convertin ¢ 





>| Convertin 


ee ee ww we = =~ — J 


Pro-accelerin 
Convertin + Ca++ + Acceleri 


Prothrombin 





> Thrombin 


Thrombin 
Fibrinogen > Fibrin 
Fic, 2. 





As to the cause of the combined disturbance in 
the clotting-factors, we cannot express a definite 
opinion. It is reasonable to assume a relationship 
with the heart failure at a very early age. Whether 
the administration of vitamin K, eventually also of 
digalen, favourably influenced the restoration of all 


clotting-deficient factors, cannot be ascertained. 


But, apart from this, our case is a remarkable 


example of a combined disturbance in the clotting 
mechanism. Moreover it is an illustration of the 
fact that in such a combined disturbance the clinical 
manifestations of haemorrhage may be small. 


Finally the observation of this patient has a special 


theoretical value. Opinions here of late have <iffereq 
with regard to the factors which are of importance 
in the formation of thromboplastin; no agreement 
exists about the question whether proconvertin 
(factor VII) is necessary for its formation (Biggs ang 
Douglas, 1953). An argument in favour of the fact 
that convertin is not necessary for the formation of 
thromboplastin is that in our case at the time when 
proconvertin in the plasma was practically absent, 
we still found thromboplastin normally formed in 
vitro by adding the patient’s plasma treated with 
BaSO,; to his serum and a suspension of normal 
platelets. In a former investigation (van Creveld, 
Paulssen and Mochtar, 1953) we had already 
obtained some evidence for this fact. 

It is also important that, at the first examination, 
the patient’s blood plasma in which fibrinogen was 
virtually absent promoted normal coagulation in the 
blood of a haemophiliac. This is somewhat con- 
tradictory to the current conception that the anti- 
haemophilic factor in plasma is always fixed to 
fibrinogen. 

Summary 


An infant is described with congenital heart 
disease and heart failure and slight symptoms of a 
haemorrhagic diathesis. All the clotting-factors 
taking part in the second phase of the clotting 
process were temporarily absent or considerably 
decreased. 

Special stress is laid on the fact that at the begin- 
ning of life the plasma contained practically no 
fibrinogen but notwithstanding exerted a normal 
coagulation-promoting activity upon haemophilic 
blood. The so-called thromboplastin-generation 
test gave a normal result, although the plasma 
contained practically no proconvertin. 
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Gargoylism has been the subject of several 
gmprehensive reviews within recent years. The 
ability of siblings to be affected is established. 
There are a number of recorded instances of 
srgoylism affecting one of twins but involvement 
of both children of a twin delivery is rare. Nonne 
(925) described twin sisters both of whom were 
aflected. His publication contains no reference to 
the appearance or structure of the placenta. In 
(17 Hunter described gargoylism in two brothers 
aged 10 and 8 years. The mother of these children 
gave birth to full-term twins who died after a 
dificult delivery and whose heads were noted as 
being unusually large. It is remotely possible that 
the children of this twin pregnancy were both 
gargoyles. The sexes of the twins are not stated. 
[have been unable to find any record of gargoylism 
affecting both children of different sexes in a twin 
pregnancy. 

Of the twins the subject of this contribution one 
was a boy and the other a girl. They were first seen 
atthe age of 8 months and were kept under periodical 
dinical supervision until death at the age of 4 years 
§months in the case of the boy, and at the age of 
lyears in the case of the girl. Valuable information 
wncerning the progress of the twins before their 
frst attendance at hospital was obtained from the 
mother and maternal grandmother, who, within the 
limits of their knowledge, could not have been more 
liable, accurate or cooperative informants. Clinical 
study of the two children was supplemented by 
ophthalmological and radiological examinations 
during life and by pathological and histochemical 
txaminations after death. Management of the 
children during life was concerned with a number 
of sociological problems. 




































Family Background 


The father was a petty officer in the Royal Navy 
and was drafted to the Far East four months after 
the birth of the twins. Before her marriage the 
mother was in the Women’s Royal Naval Service. 
At the time of conception she was aged 19 and the 
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father 23 years. There had been no previous 
pregnancies, and there was nothing of note in the 
previous health record of either parent. The parents 
are not blood relations and show no abnormalities 
of appearance or of stature. 


Enquiries extending back for three generations 
revealed no evidence of marriage between cousins 
in the mother’s or the father’s family. Careful 
inquiry into the family health records on both the 
maternal and paternal sides elicited two findings 
which might have a bearing on the occurrence of 
gargoylism. On the paternal side a sister of the 
twins’ grandfather was deaf and dumb and died at 
approximately 3 years of age. When interviewed 
the father of this child described her appearance and 
behaviour as normal. A great-uncle of the twins 
on their mother’s side is known to have had a 
kyphotic deformity of the spine, the deformity not 
having been noticed until the age of 3 years. The 
great-uncle in question lived for some 30 years, 
earned his livelihood as a mill-hand, distinguished 
himself as a long distance swimmer, married and 
had a family of three healthy children. 


Photographs of this great-uncle and of a family 
group including the great-uncle and his brothers 
and sisters have been inspected. The photographs 
are extremely illuminating and it is regrettable that 
permission has not been obtained to reproduce them. 
Fig. 1 is of a tracing of the family group. There is 
no escaping the fact that every member of the 
family in the group is a dwarf. The three unrelated 
individuals in the group who are not blood relatives 
literally stand head and shoulders above their one 
adolescent and six adult companions. Furthermore 
the facio-cranial features of two brothers and one 
sister (i.e., two great-uncles and one great-aunt of 
the twins recorded in this article) are strikingly 
similar in the unusual prominence of the brow and 
mandible, the wide separation of the eyes, the 
heaviness of the lips and the coarse structure of the 
nose. It cannot be said, however, that the facial 
appearance of these individuals is typical of gar- 
goylism or that the photographs suggest any 
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Fic. 1.—Tracing of photograph of a family group. The figure on the 
extreme right was the great uncle of the twins and was known to 
have had kyphosis and to have been a long distance swimmer. The 
three tallest members of the group are not blood relations of one 
another or of others in the group. The six other individuals are 
brothers or sisters of the figure on the extreme right. 


abnormalities other than physical. The figures in 
the group are all standing facing the camera thus 
excluding any possibility of confirming the presence 
of kyphosis in the great-uncle first mentioned or in 
any of his brothers and sisters. There is recogniz- 
able shortening of all limbs in the dwarfed indi- 
viduals who do not have the appearance of 
achondroplasia. 
Obstetrical History 

The expected date of delivery, based on the time 
of the last menstrual period, was August 17, 1946. 
Regular ante-natal supervision began in February 
of that year. Progress was uneventful until early 
June when oedema of the lower extremities was noted 
by the mother. On July 17 the fact that the 
abdomen was tense and larger than was to be 
expected having regard to the period of gestation 
led to the mother being radiographed. Films 
established the presence of a twin pregnancy 
(Fig. 2). 

Labour pains began at 11 p.m. on July 30. The 
mother was admitted to hospital on the same night, 
and a living female child was delivered normally at 
2.55 a.m. on July 31. Uterine contractions began 
again at 3 a.m. and delivery of a living male child 
took place at 3.15 a.m. Healthy and complete 
membranes were expelled at 3.30 a.m. 

On examination by the labour ward staff immedi- 
ately after delivery both infants were noted as being 
healthy and as showing no evidence of any develop- 
mental abnormalities. Mother and babies were 
discharged from hospital on August 9, 1946. 


The Clinical Histories 


Recognition of the Condition. The first twin (the 
girl) weighed 7 Ib. and measured 20 in. in length at 
birth. The corresponding figures for the male infant 
were 7 Ib. 6 oz. and 20 in. Records relating to the 
condition of the babies after birth are limited to 
notes that both twins cried lustily, and that routine 
prophylactic treatment for the eyes was given. The 
male child died on March 16, 1951, at the age of 
4 years 8 months and the female child on July 29, 
1953, at the age of 7 years. 

The first of the twins examined was Michael at 
the age of 8 months who was referred to me as an 
out-patient on account of chronic rhinitis with the 
suggestion that the condition was syphilitic. The 
heavy, frankly repulsive features of the child were 
unmistakable. Seven years later, some six months 
after the death of his second child, the father 
volunteered information which he had not men- 
tioned previously to anyone. He said that when he 


first saw his newly born babies in hospital he sensed 
straight away that the boy was unlike any of the 


Fic. 2.—Radiograph taken two weeks before the onset of labour. 
There are no detectable bony abnormalities of the foetuses. 
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other infants in the maternity nursery and was 
completely different in appearance from his twin 
sister. Asked what gave rise to his reaction the 
father replied, “His (the boy’s) head looked so big, 
and his face so coarse and heavy’, and went on to 
say ‘it wasn’t until Jane was 3 months old that I 
suddenly realized she looked strange too. When I 
went abroad I had a feeling all was not well with 
my children but I didn’t share my fears with 
anyone. ’ 

At the time of first examination Michael had a 
sross angulated kyphosis affecting the thoraco- 
lumbar spine (Fig. 3). Some doubt existed as to 
how long this had been present. The grandmother 
stated that she had thought the child’s chest and 
back were peculiarly shaped when he returned from 
the maternity hospital. Mother and grandmother 
were emphatic in their agreement that there was a 
‘bump’ in the spine when the boy was 4 months old 
which interfered with his early attempts to sit up. 

In the course of discussion these relatives casually 
volunteered the information that the shape of 
Michael’s back resembled that of his twin sister. 
His sister (Jane) was brought up for examination 
10 days later and was found to have a marked 
thoraco-lumbar kyphosis and the facial and other 
characteristics of gargoylism (Fig. 4). In the case 
of the sister the spinal deformity had not been 
noticed until she was between 6 and 7 months old. 





Fic. 3. 


Fic. 4. 


FiG. 3.—Michael I., aged 8 months, showing heavy facial features, 
kyphosis, chest deformity, claw hand and low-set ear. 


Fic. 4.—Jane I., aged 8 months, showing features similar to Michael’s 
(Fig. 2). 


Fully Developed Clinical Picture. Clinical features 
common to both children included dwarfism in 
association with a large dolichocephalic head; the 
heavy, repulsive facial features implied in the term 
‘gargoyle’ and evidenced in the eyes, ears, nose, 
cheeks and tongue (Fig. 5); teeth which were 
regular in eruption and spacing; a notably short, 
thick-set neck; gross dorso-lumbar kyphosis accom- 
panied by pronounced deformity of the chest; a 
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notably protuberant abdomen with umbilical 
herniation and enlargement of the liver and spleen; 
coarse, thick skin and slight hirsutism; shortening 
of the limbs together with limited mobility of joints 





Fic. 5.—Jane I., aged 4 years 10 months, showing corneal opacity, 
rhinorrhoea, macroglossia and hypertrophied gums. 


and ‘claw hands’; and marked impairment of mental 
development together with striking abnormalities of 
behaviour pattern. Both children showed evidence 
of deafness, both had pronounced corneal opacity 
and in both radiographs showed bony changes 
typical of gargoylism (Fig. 14, 15). 


Development of the Clinical Picture. 
physical development was evident in retarded 
progress of weight and height. Both children were 
recognizably retarded by the first birthday (Fig. 6). 
Table 1 shows the order of succession in the appear- 
ance of gross physical abnormalities. The order was 
the same in both twins but in general the age at which 
each abnormality was recognized was a few months 
greater in the case of the girl. Enlargement of the 
liver and spleen was most rapid in the case of the 
boy, in whom, partly as a result of the size of the 
organs and partly as a result of the skeletal deformi- 
ties, the liver and spleen extended down into the 
pelvis. Opacity of the corneae was evident first in 
Michael but appeared to become arrested at the age 
of 33 years. In contrast, opacity of the corneae 
in Jane became progressively worse. In the words 
of the father ‘Michael always had a little sparkle in 
his eyes but Jane lost all hers’. 


Impaired 











ARCHIVES OF DISEASE IN CHILDHOOD 































































































Ib INCHES 
- U 
= 1G 

A gs uJ ; 

as > a we 

u 

anil WEIGHT at ~~ =H 
a | ———— OW 

a —_ — U 

20 ft HEIGHT | oe 35 |22 

o a - 

> Lt ae = 25130 2i 

j oo > = 
Ne yy re. HEAD a ~1o5 20 
a = — 
/ . CIRCUMFEREINCE Oo ax 
V ‘4 a © 
i, i iT 
. 7 3) =” i” 
-_ ya 
— i 18 
< hr 
oO (a) 
(e) I 2 3 4 5 6 7 
AGE IN YEARS 
JANE I. Sos ats ome MICHAEL 


Fic. 6.—Weights, heights and circumference of heads compared at different ages. 


TABLE | 


AGE OF FIRST RECOGNITION 


OF GROSS ANOMALIES 











Age 
Abnormality Michael I. Jane I. 
Chronic rhinitis ; .. Birth * Birth * 
Chronic recurrent conjunctivitis .. 1 month 1 month 
Thoraco-lumbar kyphosis 4 months * 7 months 
(? 2 weeks) 
Deformity of chest 2 weeks * 7 months 
Heavy facial features At birth 4 months 
Humeri—thickening and shortening 
of shafts 8 months 8 months 
Corneal opacities 8 months 11 months 
Umbilical hernia oa 8 months 7 months 
Joints—limited extension 10 months 12 months 
Enlargement of liver 13 months 17 months 
Enlargement of spleen wa 15 months 19 months 
Hypertrophy of the gums 2 years 2 years 
Strabismus — 2 years 
6 months 
Impaired hearing 2 years 2 years 
6 months 
Fissuring of tongue — 3 years 
Genu valgum — 3 years 
Heart—mitral systolic murmur .. 3 years 4 years 
Heart—detectable clinical enlarge- 10 months 6 months 
ment 4 years 4 years 
10 months 
Ossification eee in 
appearance ss 4 years 4 years 
‘Syncopal’ attacks — 5 years 
2 months 
Babinski sign, omERTENS 3 tendon 
reflexes .. : — 5 years 
9 months 
Increased muscle tone a 6 years 
1 month 





* Retrospective observations made by relatives 


Delay in the acquisition of locomotor control was 
related to the degree of physical handicap. Kyphosis 
appeared first and in severer degree in the boy and 
resulted in his being slow to sit, stand and walk 
compared with his sister (Fig. 7). Jane first experi- 
enced serious locomotor handicap at the age of 
approximately 18 months. As the rate of growth 
increased spinal and thoracic deformities became 
aggravated and the abdomen enlarged rapidly 
(Fig. 8). From this time the boy’s progress in the 





Fic. 7.—Michael I., aged 21 months, showing increased kyphosis 
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GARGOYLISM IN A TWIN BROTHER AND SISTER 


matter of locomotor control was always markedly 
in advance of that of his sister. After his death 
at the age of 4 years 8 months Jane continued to 
sow rapidly. Walking without assistance became 
impossible and during the last year of her life she 
made no attempt to walk. 

There was less evident parallelism in the matter 
of the emotional and behaviour pattern of the two 
children (Table 2). During the first year of life 
Michael compared unfavourably with his sister Jane. 
Lazy and disinterested he was never successfully 
breast fed and continued to present a management 
problem during the whole of the 6 months he was 
on the bottle. He was a notably irritable infant— 
always crying for no apparent reason at any, but 
no regular, time of day or night. In contrast Jane 





Fic. 8—Jane I., aged 21 months, showing chest deformity, large 
abdomen, umbilical hernia and difficulty in balancing. 


fixed eagerly and effectively from the time she was 
first put to the breast. Her response to bottle 
feeding, begun at the age of 3 months, was that of a 
hormally appreciative infant. She was noticeably 
content without being too quiet. 

The contrast between brother and sister was 
completely reversed in many respects after their first 
birthday. Discontent and disinterest in the boy 
gave place to unmistakable evidence of interest, 
*njoyment and a desire to do things. Attempts at 
speech followed and where there had been no 
fesponse to parental attention there was now un- 
mistakable delight, dependence and affection. Jane 
on the other hand betrayed no recognizable signs of 
affection. Temperamentally she became completely 
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changed (Fig. 9). From being quietly content she 
became aggressive alike in her demands and in her 
responses. Consistently ill-tempered where formerly 





Fic. 9.—Jane I. (left) and Michael I. (right), aged 21 months. 


she had been placid she developed a tendency to 
irrational tantrums and intolerant bouts during 
which she would attack her brother and reject her 
mother with a measure of violence (Fig. 10). 

As Michael showed increasing readiness to con- 
sider but not necessarily accept strangers, Jane 
showed progressively less and less interest in her 
surroundings and in those around her. Michael 
put his knowledge of pictures, bricks and toys to 
good purpose. He showed a certain originality and 
initiative and sensed a thrill in building up bricks 
only to knock them down. 

Whereas the boy acquired a measure of cleanli- 
ness of habits by the third year, Jane was always 
dirty. -Relatives in the home and the staff of the 
occupation centre attended by the children com- 
mented upon the regularity with which both children 





Fic. 10.—Jane I. (left) and Michael I. (right), aged 9 months with 
their mother. 


habitually passed exceptionally bulky offensive 
motions within half an hour of every meal. In 
seven years ‘Ta’ and ‘Bye-bye’ were the only 








TABLE 2 








DEVELOPMENT OF LOCOMOTOR FUNCTION, SKILLS, BEHAVIOUR PATTERN, ETC. 


























— 
Michael I. Jane I. 
Function or Skill Age Comment Age Comment “aa 
Breast Second week Lazy, required coaxing, failed to | First week Fixed immediately, vigorous, un. 
fix after 4 weeks eventful, milk secretion ceased 
at 3 months : 
Bottle 1 month Erratic and clumsy 3 months Uneventful 
Feeding | Mixed 6 months Reluctant initially 6 months No difficulties 
Cup Never 9 months Noisy and clumsy 
Spoon 15 months Clumsy but preferred fingers 15 months Clumsier than brother, dropped 
spoon regularly 
Knife and fork 34 years Effective but coordination crude, 4 years Crude unsuccessful attempts 
independent 
Holding head up .. 44 months Apparently normal progress 34 months 
Grasp Se <s 6 months Firm and purposeful 10 months Firm but automatic and lacking 
purpose 7 
Sat up 7 months In contrast with sister could not 6 months No apparent difficulty 
maintain steady sitting post- 
11 months ure for long 
Stood up 14 months 11 months Dependent on support, unsteady 
and clumsy : 
Walking 15 months First recognizable attempts 12 months Walking with minimum support, 
18 months Successful without support 15 months attempts suddenly ceased bu 
begun again at 15 months 
given support. 
2 years Confident, unrestricted 17 months Re-established independent of sup. 
port but unsteady 
3 years Runs, chases a ball happily, 2 years Walking without support but with 
rarely falls, if falls takes increasing unsteadiness, difficulty 
protective action in part due to increasing genu 
valgum 
3 years 8 months Able to walk but less inclined to | 3 years Walking with head down looking 
do so spontaneously at feet, falling frequently and 
making no effort to take pro- 
tective action 
Speech 15 months Baby monosyllables recognizable 19 months Occasional monosyllabic _ baby 
by strangers words requiring interpretation 
by parents 
2 years 6 months Articulation much clearer, and 2 years A few additional __ indistinct 
vocabulary rather larger than ‘words’ but ‘disinclined to talk 
that of sister, talks spon- more than can help’ 
taneously 
3 years Three and four word sentences 3 years 8 months Limited to baby words, only 
indicating desires recognizable word ‘Ta’, other- 
wise numerous _ unintelligible 
sounds, can count on fingers to 3 
3 years 8 months Able to repeat a few nursery 5 years 6 months Little inclination to talk 
rhymes in jerky, parrot 5 years 9 months’ Ceased to talk 
fashion, and count on fingers 
up to 10 
Hearing 23 years Thought by parents to havesome 24 years Parents convinced that there was 
impairment of hearing severe impairment of hearing 
6 years Gross impairment 
Clean habits 14 months Indicated need for attention, 2 years Notably slower than brother in 
moderate standards through- acquiring cleanliness and not so 
out life with occasional reliable 
enuresis 34 years All evidence of cleanly habits 
disappeared 





Emotional pattern 


Ist year of life 


A continuously crying infant 
refusing to be pacified, 
limited interest in novel 
objects and slower than sister 
in reacting to external stimuli, 
never enthusiastic about 
grasping objects 


Ist year of life 


Considered by relatives to be much 
the more intelligent, brighter and 
responsive child, and more 
prompt in recognizing, grasping, 
and holding objects, thought to 
react more quickly to external 
stimuli, and to show more 
obvious interest, characteristic 
ly contented child. 








1-4 years 


Continuous discontent gave 
place to what father described 
as ‘an unmistakable kick out 
of life’, an attitude which 
grew as range of activities 
increased; toys appropriate 
to age appreciated; able to 
get about in ‘kiddie car’; 
correctly differentiate animals 
in picture book and say 
nursery rhymes parrot 
fashion; responded well to 
music and action rhymes 
and to rhythmics; shared 
simple amusements’ with 
children of his own ability 


1-4 years 


————o— 


In contrast with brother showed no 
evidence of affection but did 
show greater dependence for 
protection on mother at home 
and on brother at the occupation 
centre. Never evinced an 
interest in any particular indi- 
vidual. About second birthday 
developed a_ violent temptt 
assuming vicious forms at times 
including physical attacks om 
brother. At this time los 
previous apparent lead over her 
brother and gave exaggerated 
impression of progress as result 
of tendency to imitate. Toy’ 
provided diversion without hav- 
ing significance. Attracted by 
music but did not respond 10 
action rhymes and rhythmucs. 
Frightened of strangers, mace 


no advances to other children 
ess 





5-7 years 


Aggressiveness and bad ease 
progressively lessened ultimate!) 
being replaced by apathy at 
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intelligible words Jane was heard to utter. On the 
other hand during the last year of his life Michael 
was able to say simple sentences understandable to 
those accustomed to his poor articulation. Difficulty 
in speech was contributed to in both children by 
impaired hearing first noticed about the age of 
2 years, chronic rhinitis and macroglossia. 

It is doubtful whether Jane was conscious of any 
serious loss as the result of her brother’s death. 
Her parents do not think she was affected. At the 
age of 5 or thereabouts her behaviour underwent 
another change. Her bad temper and aggressive- 
ness ceased. Thereafter a slowly progressive decline 
began. The child became more and more listless 
until a state of sustained physical inactivity and 
something approaching mental torpor was reached. 


Miscellaneous Points Relating to Health Histories. 
Catarrh of the mucous membranes was a feature of 
both children from birth. The twins were alike in 
suffering throughout life from persistent muco- 
purulent rhinitis and recurrent purulent ophthalmia. 
Jane had measles at 9 months, bronchitis at the age 
of 17 months and an intermittent vaginal discharge 
during the last 18 months of life associated with 
persistent masturbation. 

Michael was never a hospital in-patient. Jane on 
the other hand was admitted on four occasions: at 
the age of 5 weeks on account of severe conjunc- 
tivitis; at the age of 2years4months for radical cure 
of an incapacitatingly large hernia which had 
increased in size after the child began to walk; at 
the age of 4 years 9 months with an acute respiratory 
infection and threatening cardiac failure; and at the 
age of 7 years on the occasion of her final illness. 
As well as being treated as an in-patient Jane 
attended an orthopaedic department where she was 
given an abdominal belt at the age of 3 years 1 month 
with the object of offsetting her difficulty in balanc- 
ing, a mermaid splint at the age of 3 years 10 months 
intended to minimize additional difficulties in walk- 
ing arising from increasingly pronounced genu 
valgum, and a corset at the age of 5 years to 
minimize incapacity resulting from advancing 
skeletal deformities. 

The corset proved of considerable value in 
enabling the girl to move about with greater 
although hesitant independence, but had an un- 
expected result. Following recovery from her 
serious illness at the age of 4 years 9 months the 
child had been subject to periodical attacks of acute 
respiratory embarrassment, cyanosis, tachycardia 
and apparent pain. The attacks were precipitated 
by exercise, responded to rest and were regarded as 
evidence of myocardial insufficiency. An immediate 


result from the wearing of the-corset was to increase 
the frequency and severity of the attacks. Benefit 
followed as soon as the corset was discarded. 

A mitral systolic murmur lacking selective 
propagation was noted in Michael at the age of 
3 years 10 months. Cardiac enlargement was 
clinically detectable at 4 years. Similar findings 
appearing in the same sequence were detected in 
Jane at the ages of 4 years 6 months and 4 years 
10 months. The findings persisted throughout life 
and in the case of Jane the murmurs increased in 
loudness and harshness. Electrocardiographic 
records showed right deviation in both twins. 





Fic. 11.—Jane I., aged 4 years and 10 months, showing hypertrophied 
gums. Note also the characteristic facial feature and macroglossia. 


The first dentition was not delayed in the case of 
Michael. The two lower central incisors erupted 
at the age of 5 months. He had four teeth at the 
age of 9 months, six at the age of 12 months and 
16 at the age of 2 years. Jane cut her first two 
teeth at the age of 10 months. Eight additional 
teeth appeared more or less simultaneously shortly 
before the second birthday. About this time the 
gums became grossly hypertrophied, nodular in 
consistence and rather deeply coloured. Similar 
but much less pronounced changes in the gums 
were seen in Michael. The alveolar changes per- 
sisted throughout life in both children despite suit- 
able diet and adequate vitimins (Fig. 11). 

Examining the twins at the ages of 2 and 4 years 
Professor Talmage Read of the Leeds Dental School 
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Fic. 12.—Dental casts showing abnormal spacing, irregular alignment and malocclusion (Jane left, Michael right, aged 4 years). 


described the erupted teeth as being well calcified 
and free from dental caries, but abnormally spaced 
and irregular in alignment and occlusion (Fig. 12). 
The abnormalities were more pronounced in the girl 
than in the boy. Radiographs of the jaws demon- 


Fics. 134 and B.—Radiograph of Michael, aged 4 years, showing well 
advanced calcification of deciduous and unerupted permanent teeth. 


strated that in both children teeth were present 
according to age and that calcification of the teeth 
was if anything in advance of what might have been 
expected (Figs. 13a and 13b). 

Radiographs of the skeleton taken at the age of 
8 months showed maldevelopment of several 


vertebrae and posterior displacement of the second 
lumbar vertebra in Michael (Fig. 14), deformity of 
the bodies of the upper lumbar vertebrae in Jane 


Fic. 14.—Radiograph of Michael at 8 months showing maldevelop- 
ment and posterior displacement of the second lumbar vertebra. 








velop- 
rtebra. 
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(Fig. 15) and shortening and thickening of the shaft 
of the humeri in both children. There were no 
abnormalities of the cranial bones or of the bones 


Fic. 15.—Radiograph of Jane at 8 months showing deformity of the 
bodies of the upper lumbar vertebrae. 


of the lower limbs. The appearance of the ossifica- 
tion centres was in keeping with the age. Follow-up 
radiographs at the age of 1 year 7 months demon- 
strated that the girl’s lower limbs had grown more 


rapidly than those of her brother. Films taken at 
the age of 4 years showed delay in the appearance 
of ossification centres and changes typical of 
gargoylism in the bones of the hands and feet, the 
long bones of all extremities, the pelvis, spine and 
skull of both twins. 

Laboratory examinations were limited to analyses 
of urine and estimations of the urea-nitrogen, 
calcium, phosphorus and alkaline phosphatase blood 
levels. All findings were within the normal range. 
Wassermann and Mantoux tests were negative. 
Both children had a mild hypochromic anaemia 


| associated with slight leucocytosis with a relative 


increase in polymorphonuclear cells. No abnormal 


granularity of the polymorphonuclear leucocytes 
Was detected. 


Circumstances of Deaths. On March 9, 1951, the 
parents suspected that the boy might have a painful 
ear. Six days later (March 15) he had a cough, 
appeared feverish and showed signs of moderate 
respiratory embarrassment. The doctor was sent 
for but the child died before his arrival. Post- 
mortem examination established that death was due 
to bronchopneumonia. 

Jane was admitted to hospital on July 26, 1953, 
with a history of descending respiratory infection 
and with clinical evidences of extensive bronchitis 
and commencing heart failure. She died within 
two days of admission. 


Social Problems. Inevitably any explanation of 
the implications of the diagnosis involved asking 
the mother to show great courage in accepting a 
situation inseparable from extreme emotional and 
physical demands. She could not have faced the 
situation with greater fortitude. In this she received 
invaluable understanding and practical help from 
her own mother. Meanwhile the facts of the situa- 
tion were made known to the appropriate Service 
family welfare department, and as a result the father 
was released from service on compassionate grounds 
and enabled to return home without delay. : 

Although able to move about independently, the 
movements of the children were precarious and even 
given the best of conditions liable to be punctuated 
by frequent falls. The only outside play-space 
available to the children consisted of a small cobbled 
yard approached from the house by steep stone 
steps. Accidents necessitated frequent attendance 
at a casualty department. A further point was that 
the yard faced on to a public street with the result 
that the twins became the object of vulgar curiosity 
and the subject of crude derisory comments on the 
part of passers by. The distress to the mother needs 
no elaboration. When all the circumstances were 
placed before the appropriate authority the family 
were provided with alternative housing which 
satisfied the need for privacy and safety. 

A further measure of relief was afforded the 
mother when the twins were enrolled at an occupa- 
tion centre which they attended daily, transport 
being provided. Both children were described as 
ineducable when examined by a medical officer of 
the City of Leeds School Health Service before 
enrolment at the age of 3 years 10 months. Their 
behaviour was considered to correspond to an 
approximate age of 2 to 24 years according to 
Terman-Merrill standards, Michael showing greater 
ability and response than Jane. 

The heavy demands on the mother made by the 
twins during their life-time had made the parents 
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determined not to have more children. With the 
death of both children the father sought expert 
advice which was secured for him. 


Pathology 


The findings at necropsy and the histological and 
histochemical features have already been described 
in detail (Dawson, 1954). The girl’s brain was not 
available for examination. Among features common 
to both children were infiltrative changes involving 
the liver, spleen and the central nervous system; 
disturbed development of bone and cartilage; and 
bronchopneumonia. Both hearts were enlarged, 
showed changes affecting the mitral valves, had pale 
myocardia and macroscopically recognizable occlu- 
sion of the coronary vessels. Microscopically the 
coronary occlusion was seen to be due to infiltrative 
thickening of the intima and was associated with 
infiltrative changes involving the cardiac muscle fibres 
and related connective tissues (Fig. 16). Cardiac 
changes were more marked in the girl than in the 
boy. The nature of the infiltrate has been fully 
discussed elsewhere by Dawson. He arrived at the 


Fic. 16.—Photomicrograph ( » 
showing infiltrative thickening of intima. 


300) of coronary artery of Michael 
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conclusion that in the brain the infiltrate possesseq 
many of the properties of a phospholipid while jp 
other sites it appeared to be a mucopolysaccharide 


Comments 


It is generally accepted that gargoylism is a cop. 
dition arising from the abnormal storage in the body 
of a substance as yet not completely identified, 
From a study of the literature it is evident that the 
clinical course and pathological findings in gar. 
goylism are subject to many variations. Clinically 
the picture may be recognized in infancy, childhood 
or adult life. In its complete form there is wide. 
spread involvement of many tissues and organs 
throughout the body resulting in physical and 
mental handicap. At the other extreme there are 
the formes frustes which may depend for initial 
clinical recognition upon the presence of a gargoyle. 
like face and mental defect (Jervis, 1950). It has 
been suggested that exceptionally the central nervous 
system may escape involvement (Strauss, Merliss and 
Reiser, 1947). 

The twins who are the subject of this article were 
both examples of gargoylism in its complete form. 
Deformities of the bony skeleton, enlargement of 
the liver and spleen, opacity of the corneae and 
mental defect were clinically recognizable in both 
children. While the complete form was not attained 
until the age of 15 months in the boy and until the 
age of 19 months in the girl the first evidences were 
detectable very much earlier. If the father’s account 
of his reactions on seeing his newly born infants be 
accepted it is reasonable to assume that abnormal 
facio-cranial features were present in the boy at 
birth. These abnormalities certainly were present 
by the end of the first month to judge by the inde- 
pendent observations of the grandmother. The fact 
that a few months elapsed before similar features 
were noticed in the twin girl was in all probability 
a measure of the slower development of the condi- 
tion throughout the first year of life. It is to be 
noted that there was no evidence of actual enlarge- 
ment of the crania in the radiograph taken two weeks 
before the onset of labour and difficulty was not 
experienced in the delivery of the head of either 
infant. 

Clinical observations suggest that the underlying 
pathological process in the boy was in advance of 
that in the girl during the first 12 to 14 months of 
life, and thereafter it appeared to lose momentum 
whereas in the girl it pursued a slow, unrelenting 
course to the time of her death. Physical handicap 
reached its maximum in Michael at the age of 
18 months. Thereafter his activities increased, his 
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behaviour became more natural and his mental 
alertness improved. Extension of the corneal 
opacities appeared to be arrested. In contrast Jane’s 
condition deteriorated progressively and uninter- 
ruptedly after her first birthday. With the passage 
of time and more particularly after the initial 
appearance of evidence of neurological involvement 
mental deterioration outpaced physical decline. 

An acute respiratory infection was the immediate 
cause of death of both children. Acquired heart 
disease wWaS a major contributory factor. The 
pathological findings in connexion with the coronary 
arteries are of especial interest and account for the 
anginal attacks experienced by the girl during the 
last two years of her life. 

The hypertrophy of the gums noted in both twins 
is not a feature customarily associated with gar- 
goylism and the reason for it was not ascertained. 

Recorded studies have established that gargoylism 
isan example of recessive inheritance. Two forms 
of genetic determination are recognized. There is 
the form attributable to a sex-linked recessive gene. 
The number of recorded examples is small but a 
feature common to the children involved has been 
clarity of the corneae (Millman and Whittick, 1952). 
The other form is determined by an autosomal 
recessive gene. Of different sexes, the twins described 
in this article belong to this second form and it is 
to be noted that there were corneal opacities in both 
children. It seems probable that the dwarfs two 
generations earlier on the maternal side were 
instances of the formes frustes or alternatively of 
some related ‘storage disease’. 


Summary 
Gargoylism affecting a twin brother and sister is 
described. 


The clinical 


life-histories are compared and 
Suggest that the rate of development of the under- 


lying pathological process differed in the two 
children. 
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Clinical features of particular interest were grossly 
hypertrophied gums in both children, and typical 
anginal attacks in the girl. 

The pathological findings at necropsy are out- 
lined. 

The boy died at the age of 4 years 8 months and 
the girl at the age of 7 years. In each case death was 
due to acute respiratory infection, and acquired 
cardiac disease (including infiltrative occlusion of the 
coronary arteries) was a contributory factor. 

The social problems arising in the course of 
management are mentioned. 

It is considered that gargoylism in the twin 
brother and sister was determined by a recessive 
autosomal gene and that several members in a 
previous generation on the maternal side were 
probably examples of the formes frustes without 
associated mental impairment. 


I am indebted for invaluable help to a number of 
colleagues including Professor C. Polson and Dr. Ian 
Dawson for pathological reports; Professor Talmage 
Read for dental reports and illustrations; Dr. I. G. 
Davies, Medical Officer of Health, the City of Leeds for 
permission to reproduce Fig. 2; Dr. I. Holoran, Mr. 
J. M. P. Clark, F.R.C.S., Professor P. J. Moir, F.R.C.S., 
Mr. J. Foster, F.R.C.S., Dr. O. C. Carter, and Mr.*W. 
Blackledge of the University of Leeds Photographic 
Department. Dr. M. F. Buchanan and Dr. C. Perera 
gave great assistance in collecting photographs and 
records. I am particularly indebted to Dr. D. Taverner 
for help with translations; to Mr. T. J. Shields, Librarian, 
the British Medical Association, for help in securing 
references; and to the parents for their generous under- 
standing in agreeing to the use of photographs of their 
children. 


REFERENCES 


Dawson, I. (1954). J. Path Bact. In the press (Cases II and IV). 

Hunter, C. (1917). Proc. roy. Soc. Med., 10, 104 (Section for the 
Study of Disease in Children). 

Jervis, G. A. (1950). Arch. Neurol. Psychiat., Chicago, 63, 681. 

Millman, C. G. and Whittick, J. W. (1952). J. Neurol. Neurosurg. 
Psychiat. 15, 253. 

Nonne, M. (1925). Dtsch. Z. Nervenheilk., 83, 263. 

Straus, R., ce R. and Reiser, R. (1947). Amer. J. clin. Path., 
17, 671. 


’ 





AN INVESTIGATION OF BLOOD LOSS DURING 
OPERATIONS ON THE NEWBORN INFANT 


BY 


P. P. RICKHAM 
From the Department of Child Health, University of Liverpool 


(RECEIVED FOR PUBLICATION MARCH 8, 1954) 


In recent years surgical conditions in newborn 
babies have aroused considerable interest and the 
scope of operative procedures in this age group has 
been greatly extended. Operations of considerable 
magnitude are now being successfully undertaken 
and surgeons are faced with the problem of blood 
replacement during and after these operations. In 
a newborn infant the difference between under- 
transfusion and over-transfusion might be a matter 
of only a few millilitres, and it is therefore desirable 
to have some exact information about the amount 
of blood lost during operation. A consecutive 
series of 60 newborn babies undergoing operations 
in the Neonatal Surgical Unit at Alder Hey 
Children’s Hospital has been investigated with the 


following aims: (1) To discover the most satisfactory 
method of estimating blood loss during operation; 
(2) to obtain some idea of the average blood loss in 
different types of operation; (3) to try to gauge how 
accurately blood should be replaced. 


Methods for Investigating Blood Loss 


Gatch and Little (1924) were the first to estimate 
blood loss during operation. They soaked the 
blood-stained swabs in a solution of 0-1% hydro- 
chloric acid, and the haemoglobin concentration of 
the washings was determined by colorimeter. This 
method has an experimental error of at least 13% 
(White and Buxton, 1942). Wangensteen (1942) 
used a gravimetric method. He weighed the blood- 
soaked sponges used at operation, but, because of 
practical difficulties, he omitted to weigh the blood- 
soiled towels, gowns, etc. He compensated for this 
error by adding about 200 ml. to the estimated blood 
loss. Occasionally Wangensteen used wet sponges 
in addition to dry ones but did not include these 
in his weighings. There was therefore a consider- 
able error in his calculations. Bonica and Lyter 
(1951) modified this method by using swabs which 
were moistened with saline poured from a sterile 
measuring cylinder. They could therefore include 


the moist swabs in their final calculations of the 
blood loss. These two methods, colorimetric and 
gravimetric, have been used by all subsequent 
investigators with only minor modifications. The 
colorimetric method has been made more accurate 
by the introduction of photoelectric haemoglobin 
estimations (Pilcher and Sheard, 1937; Coller, 
Crook and Iob, 1944). 


Physiological Considerations 


For both adults and newborn infants the mean 
blood volume is approximately 85 ml. per kg. of 
body weight (Mollison, Veall and Cutbush, 1950). 
The blood volume of the normal adult male is in 
the neighbourhood of 6,000 ml., while the normal 
newborn baby weighing 6} lb. has a blood volume 
of approximately 250 ml., or roughly 3+; that of the 
adult. 

Leriche and Vasilaros (1939) thought that an adult 
patient in fairly good health could safely stand a loss 
of 500 ml. of blood, and Gatch and Little (1924) 
believed that a loss of 700 ml. could be well tolerated. 
There is therefore a considerable margin of safety. 
In the newborn infant, however, a blood loss at 
operation of as little as 20 to 30 ml. might be of 
significance, and accurate methods in determining 
the blood loss and calculating blood replacement 
must be employed. 


Plan of Investigation 


In most of the operations under investigation the 
gravimetric and colorimetric methods were used side by 
side. (Similar comparative studies in adults were carried 
out by Baronofsky, Treloar, and Wangensteen in 1946.) 
In just under one-third of the operations the gravimetric 
method was not used, because the excessive amount of 
other fluids lost during operation would have falsified 
the result. 


Gravimetric Method. The method outlined below is 
more complicated than the method previously described 
by American workers. In America swabs used in the 
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operation theatres are machine-cut and of uniform size 
and weight so the American workers could dispense with 
weighing the swabs before operation. In this country 
the swabs are usually cut by hand and vary greatly in 
size and weight. 

A weighing machine accurate to 0-2 g. was used. 
several dozen dry, sterile swabs were weighed before 
operation and the weight recorded. As soon as swabs 
became blood-stained during operation they were 
collected and weighed. Because it might be argued that 
the loss of weight by evaporation of moisture from the 
blood-soaked swabs would introduce an error, one dozen 
swabs were soaked individually with varying measured 
amounts of blood and left to dry for 20 minutes in an 
atmosphere of 78° F. temperature and 48% humidity. 
Even under these conditions the loss of weight was found 
tobe under 1%. When moist swabs were needed during 
operation the swabs were moistened with accurately 
measured amounts of sterile saline. After operation the 
remaining unused swabs were weighed. 

The total weight of the swabs soiled (s.S.) and unsoiled 
(us.S.) minus the weight of the swabs before operation 
($,.) and the weight of saline used for moistening the 
swabs (W.) equalled the weight of the blood lost. The 
weight in grams divided by 1-06 (mean specific gravity 
of blood) gave the amount of blood lost in millilitres, 

Blood lost =: +U-S-S. —(S.+W.) 
1-06 

The accuracy of this method was checked repeatedly 
by weighing bundles of swabs moistened with measured 
amounts of blood. 


Colorimetric Method. After the blood-soiled swabs 
had been weighed they were immediately immersed in a 
bowl of water. Gowns and towels soiled at operation 
were washed in water and this water was added to the 
contents of the bowl. The swabs were removed from 
the bowl, wrung out and immersed in another bowl 
filled with clear water. This procedure was repeated until 
the rinsing water remained perfectly clear. All the 
washings were mixed and their volume measured. The 
haemoglobin concentration was then estimated using the 
Medical Research Council gray-wedge photometer. 
The haemoglobin concentration of the infant’s blood 
was determined from capillary samples immediately 
before and after operation. Care was taken that the 
same person performed all haemoglobin estimations and 
that the samples were obtained from free flowing blood. 

Previous investigators used to take only a pre- 
operative sample of haemoglobin and regarded this as a 
valid measure of the patient’s haemoglobin concentration 
during operation. While this may be accurate when the 
blood loss is insignificant or when the blood replaced by 
ransfusion has a haemoglobin concentration similar to 
that of the patient, it would be quite inaccurate in 
ieonates. In newborn infants the haemoglobin concen- 
‘ation is much higher than that of the blood used for 
ransfusions. During operation the haemoglobin level 
will therefore decrease in spite of the fact that replacement 
fansfusions have been performed. In this investigation 
the haemoglobin concentration in the patient’s blood 
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was accordingly taken as the mean value of the pre- and 
post-operative haemoglobin reading. It must, however, 
be admitted that the pre-operative haemoglobin reading 
was more accurate than the post-operative value. This 
was due to the fact that it was more difficult to obtain 
satisfactory samples of blood from some of the patients, 
who were shocked after a prolonged operation. 

Knowing the patient’s haemoglobin concentration 
(Hb.P.), the total volume (V.) and the haemoglobin 
concentration of the water used for rinsing the swabs 
(Hb.W.), and bearing in mind that the haemoglobin 
concentration of the water was directly estimated while 
the haemoglobin concentration of the blood was 
estimated after diluting the blood 1 in 200, it was possible 
to calculate the amount of blood lost by this formula: 
V. x Hb.W. 
Hb.P. x 200 

The accuracy of the extraction technique was repeatedly 
checked using swabs moistened with a measured amount 
of blood. 


Blood loss= 


Results 


The results obtained in the study of 60 patients 
are shown in Table 1. It will be observed that 
in 17 patients the blood loss was not estimated 
gravimetrically. The reason for this omission has 
been already mentioned. In one patient the colori- 
metric method was not used as it was found 
impossible to obtain an adequate post-operative 
haemoglobin reading. 


Discussion 


Blood loss during operations on adults has been 
measured by many observers and all types of 
surgical procedures have been studied. Bonica and 
Lyter (1951) reviewed more than 1,700 cases reported 
in the American literature. There is, however, only 
one report of the amount of blood lost during an 
operation on an infant of 2 months of age (White 
and Buxton, 1942) and blood loss in newborn babies 
has apparently not been studied. The present 
investigation was therefore handicapped by the fact 
that no comparable figures were available. 


Most Satisfactory Method of Estimating Blood 
Loss in the Newborn. While the majority of workers 
investigating blood loss in adults have preferred the 
gravimetric method, we have found that in the 
newborn the colorimetric technique offers several 
advantages. 

Baronofsky et al. (1946) noted that in adults the 
amount of blood lost estimated gravimetrically was 
about 10% higher than the colorimetric values. 
There was an even greater difference in our cases. 
This might be explained in part by the greater 
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RESULTS IN 60 PATIENTS 
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Resection of intestine 


Resection of intestine, content spilt 


Resection of intestine, content spilt 


TOOYOVD= 
Anns 
DALAL OUAHC 
NUONKOrw 
NAR 

AN—K—ADLOW 


Resection of intestine, content spilt 





Obstruction of Bile Ducts 
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amount of tissue fluids in neonates, but the main 
reason is undoubtedly the quantities of fluids other 
than blood (peritoneal exudate, cerebrospinal fluid, 
intestinal contents, etc.) which frequently invalidated 
the results in our gravimetric estimations. So 
constantly did we encounter this difficulty that we 
not only found it often impossible to perform 
gravimetric studies, but we are now of the opinion 
that in newborn babies estimation of the blood loss 
by weighing is not reliable. 

Blood spilt on operation towels, gowns, etc., can 
only be estimated colorimetrically. When investigat- 
ing adults this slight inaccuracy in the gravimetric 
estimation might not be of much consequence, but 
the small amounts of blood loss encountered in 
neonatal surgery make it imperative to include this 
spilt blood in the final calculation. The blood of 
the newborn infant has a very high haemoglobin 
content. This greatly facilitates colorimetric estima- 
tions of the blood loss, as even small quantities of 
blood will deeply stain the water used for rinsing the 
swabs. If the gravimetric method is used when 
estimating the blood loss of newborn infants, the 
small weight of the blood loss and the relatively 
large weight of the operation swabs introduces a 
considerable error. In adults, where every swab is 
soaked with blood, this error is negligible. These 


considerations have led us to employ the colori- 
metric method to the exclusion of the gravimetric 


technique. This means that the amount of blood 
lost can only be measured at the end of the operation 
and that intermediate readings are impossible. 
However, unless one uses machine-cut swabs of 
constant weight it is not feasible to obtain inter- 
mediate readings using the gravimetric technique 
and there is then no advantage in using this 
method. 

The colorimetric method for estimating blood loss 
is a little tedious to perform and at first we had great 
hopes that the pre- and post-operative haemoglobin 
estimation of the patient’s blood might be a rough 
guide for estimating blood loss. A study of 
Table 1 will show, however, that there is no close 
telation between blood loss and the haemoglobin 
readings. This is not surprising as the haemoglobin 
concentration depends on many variable factors such 
as temperature, shock, dehydration. In this con- 
nexion it is interesting to note that Coller et al. 
(1944) and Crook, Iob and Coller (1946) investigated 
the relationship between the blood lost and the 
changes in the haematocrit, haemoglobin and 
plasma protein concentration before and after 
operation on adults. They came to the conclusion 
that there was no correlation between the blood loss 
and changes in the patient’s blood values. 
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Average Blood Loss in Different Types of Opera- 
tion. A glance at Table 1 reveals that the blood 
loss during the same type of operation varies con- 
siderably. The variations are greater than those 
found in adults (Lenahan, Spitz and Metcalf, 1948). 
This is rather surprising as all the operations under 
discussion were performed by two surgeons employ- 
ing closely similar techniques. When discussing a 
specific operative procedure on a newborn baby it 
is not easy to give an average figure for the blood 
loss. 

In thoracotomies for oesophageal atresia, the 
blood loss is as a rule moderate and only occasion- 
ally rises to over 20 ml. The same observation holds 
good for laparotomies for intestinal obstruction 
unless the intestine has to be resected, when nearly 
always a considerable amount of blood is lost. In 
addition there is gangrene of the bowel and con- 
siderable extravasation of blood into the intestinal 
lumen in several of these cases. 

For the condition of high rectal atresia, we 
approach the blind rectum through an abdominal 
incision, resect it, and pull the sigmoid colon down 
to the peritoneum by a combined abdomino- 
peritoneal approach. As can be observed from 
Table 1 the blood loss accompanying this operation 
is usually quite considerable, from 30 to 50 ml. 

Exploration of the bile ducts for congenital 
obstruction is not accompanied by excessive blood 
loss. In one case, when, because of the absence of 
all external bile ducts, we attempted a Longmire 
type of operation, partial hepatectomy and hepato- 
jejunostomy, the blood loss was great (Table 1). 

The blood loss during operation for tumours 
depends of course very much on the size and type 
of the growth. Only one large tumour was included 
in this series. 

The blood loss for genito-urinary operations and 
operations on myelo-meningocoeles has _ been 
considerable. 

The last case in Table 1 has to be mentioned. An 
enormous mycotic aneurysm of the right common 
iliac artery had to be extirpated. There was 
torrential bleeding and during the operation the 
patient lost an amount of blood nearly three times 
her total blood volume. The blood was replaced as 
it was lost. The patient stood the operation well 
and made a good recovery, demonstrating the 
remarkable recuperative power of these young 
babies. 


How Accurately Should Blood be Replaced? The 
results of the present investigation, some theoretical 
considerations mentioned above, as well as our 
clinical experience when operating on over 200 
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neonates during the last four years, have led us to 
the conclusion that a blood loss of under 20 to 
25 ml. can be ignored. There are two exceptions 
to this rule, namely, (1) in very small premature 
babies, especially those weighing 4 lb. and under, 
even small amounts of blood lost should be replaced; 
(2) in operations for oesophageal atresia which are 
often associated with extensive dissection in the 
mediastinum and considerable shock. In our 
experience the babies do well with a blood trans- 
fusion considerably in excess of the blood loss and 
usually we give them an excess of 35 to 50 ml. 
of blood. 

As we were only able to ascertain the exact 
amount of blood lost at the end of the operation, 
we had to rely to a certain extent on our clinical 
judgment when transfusing these babies. It will be 
seen from Table 1 that we tended to over-transfuse 
rather than under-transfuse our patients. This is 
surprising as in adults the opposite is usually true. 
Blain (1929), Coller and Maddock (1932) and 
Pilcher and Sheard (1937) pointed out that in adults 
the estimated blood loss is nearly always consider- 
ably less than the blood loss actually measured. 

It has been our experience that a blood trans- 
fusion which moderately exceeds the quantity of 
blood lost is not injurious to the infant, and is in 
fact in many instances beneficial. We are con- 
vinced that this slight over-transfusion has been one 
of the causes in lowering our operative mortality. 
Although we cannot offer any satisfactory explana- 
tion, it must be remembered that the haemoglobin 
concentration of the blood of these infants is very 
high and that they have the power to destroy large 


numbers of red blood corpuscles with great ease 
in the first few days of life. 

If at the end of the operation we measure the 
blood loss and find that we have transfused an 
inadequate amount of blood, we do not remove the 
patient from the operation table but continue the 
transfusion until we have replaced the blood loss, 

In conclusion it should be stressed that many of 
the extensive operations now performed on newborn 
babies are accompanied by a considerable blood loss 
and no operation should therefore be contemplated 
without having an intravenous infusion running, 
which can be changed over to blood at a moment’s 
notice. The initial high haemoglobin concentration 
of these babies is no bar to transfusion. It appears 
that a loss of more than 20 to 25 ml. of blood 
requires replacement transfusion. 


I should like to thank Dr. E. Hall and the staff of the 
Haematology Department for their help in carrying out 
these investigations. I am grateful to Professor N. B, 
Capon and Miss Isabella Forshall for their valuable 
advice. 
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CONGENITAL DEAFNESS AND HAEMOLYTIC DISEASE 
OF THE NEWBORN 


BY 


L. FISCH and D. A. OSBORN 


From the Audiology Unit of the Royal National Throat, Nose and Ear Hospital, London, and the Department of 
Pathology in the Institute of Laryngology and Otology, London 


(RECEIVED FOR PUBLICATION FEBRUARY 22, 1954) 


The association of deafness with haemolytic 
disease of the newborn has been reported by several 
authors in the past few years. Goodhill (1950) 
attempted a follow-up of 46 cases of haemolytic 
disease of the newborn. Of the 15 cases he managed 
to trace, two showed a significant degree of percep- 
tive deafness. In a further investigation he obtained 
birth histories from the mothers of 904 severely deaf 
children, and amongst these he found 27 probable, 
four possible and nine doubtful cases of iso- 
immunization. Crabtree and Gerrard (1950) 
recorded 16 cases of perceptive deafness associated 
with kernikterus. Gerrard (1952) carried out a 
retrospective inquiry on 407 deaf school children. 
Information was obtainable from the parents of 360 
and of these 33 were jaundiced in early infancy, 
five of them showing evidence of iso-immunization 
involving the Rh system with mild neurological 
signs. Johnsen and Freiesleben (1952), during 
routine examination of school children, found 50 
cases of high-frequency deafness in which other 
known causes did not appear to be operative. In 
10 of these there was Rh incompatibility between 
mother and child, and maternal antibodies were 
demonstrated in five. Evans and Polani (1950) 
examined 16 cases in which there were neurological 
sequelae to Rh iso-immunization. Of these, five 
(30°) were deaf. 

The object of the present paper is to record the 
results of a retrospective inquiry on a large number 
of deaf patients with a view to ascertaining what 
proportion might be associated with iso-immuniza- 
tion in the mothers of these cases during pregnancy. 
The pattern of deafness has also been studied in such 
cases and compared with cases of perceptive deafness 
due to other causes. 


Material and Methods 


Between January, 1951, and September, 1953, 
1,806 deaf children attended the Audiology Unit of 
thishospital. Of these 891 had congenital perceptive 


deafness and the primary task was to select 
from this total cases in which haemolytic disease 
had been present at birth. 

The criteria for the establishment of such a 
diagnosis fall into three groups—clinical, haemato- 
logical and serological. The clinical triad, jaundice, 
anaemia and neurological signs, provides very strong 
evidence in favour of the diagnosis, but confirmation 
depends upon the serological evidence—blood group 
incompatibility between mother and child, the 
presence of maternal antibodies and, above all, a 
positive direct anti-human globulin test on the 
child’s red cells at birth. The haematological 
evidence, low cord-blood haemoglobin, excessive 
numbers of nucleated red cells and a high serum 
bilirubin, is useful in confirmation. 

A primary selection was made on the basis of the 
clinical criteria, it being assumed that at least one 
of these must have been observed in all cases. 
Admittedly, sub-clinical cases may well have been 
missed in this way, but the chances of detecting such 
cases on other evidence were so small that there was 
little to be gained by adopting any other procedure. 
The result of this preliminary selection was a much 
smaller group of cases which were then subjected 
to closer study and investigation along the following 
lines. 


Clinical. Detailed histories, including maternal 
obstetric data were obtained. Physical examinations 
were made with particular reference to the nervous 
system and ear function. 


Serological. The blood groups of mother and 
patient were checked (ABO and Rh) and tests for the 
presence of maternal antibodies were performed, 
where possible using the patient’s own cells. In quite 
a few cases detailed investigations had been carried 
out at the time of birth and a considerable amount of 
information was obtained from the hospitals con- 
cerned. In many cases the blood groups were not 
known and had to be determined. Rh grouping was 
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confined solely to the use of anti-D. Ina few cases the 
current determination of antibodies was of help but 
in others the result had to be interpreted in the light 


of the lapse of time and the occurrence of subsequent 
pregnancies. Some of the patients were born before 


the relevant serological investigations were in 
common use, and this applied particularly to the 
anti-human globulin test (Coombs, Mourant and 
Race, 1945). 

For a variety of reasons beyond our control it 
was not always possible to obtain all the relevant 
information, but careful scrutiny of the available 
clinical and laboratory data in each individual case 
enabled an assessment to be made in the majority. 
The cases were divided into categories according to 
whether there was or was not confirmatory evidence 
of haemolytic disease of the newborn. Where such 
evidence existed, the cases were classified further as 
certain (I) or probable (II). The unconfirmed group 
included cases in which the diagnosis was possible 
(III), cases which were judged on the serological 
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Fics. 1-6.—Audiograms showing slight or moderate degree of deafness. 


These patients had no apparent neurological complieations. 


evidence not to have had haemolytic disease (IV), 
and finally those cases in which there was insufficient 
information to draw any conclusion (V). Ideally, 
the diagnosis would be certain if the following 
features were present: (i) Clinical signs, (ii) blood 
group incompatibility, (iii) maternal antibodies 
present at birth and (iv) a positive direct anti- 
human globulin test on the child’s cells at birth. 
The last was rarely present for the reason given 
above and its absence was not considered a bar to 
inclusion of the case in category I. Wherever doubt 
existed, the case was always relegated to a lower 
category, hence any error is by way of being an 
under-estimate of the total number of cases. 


Results 
From a total of 891 cases of congenital perceptive 
deafness, 69 were selected on the basis of the clinical 
criteria for further investigation. As a result of 
their final assessment they were placed in categories 
as indicated in Table 1. 


TABLE | 


ANALYSIS OF 69 CASES WITH CLINICAL FEATURES OF HAEMOLYTIC DISEASE OF THE NEWBORN 





IV ‘f 


—— 


No supporting evidence | Inadequate information 
ne 


19 16 


Category I II Ill 
Diagnosis Probable 


No. of cases ‘a a 18 9 7 





Certain Possible 





Percentage of total (891) .. 2 1 














(IV), 
icient 
eally, 
wing 
blood 
odies 

anti- 
h. 
given 
ar to 
doubt 
lower 
ng an 


eptive 
jinical 
ult of 
gories 


«i 


——$—— 


‘mation 


——" 


CONGENITAL DEAFNESS AND HAEMOLYTIC DISEASE 311 


TABLE 2 
RELEVANT SEROLOGICAL FINDINGS IN 27 CERTAIN OR PROBABLE CASES OF HAEMOLYTIC DISEASE OF THE 
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Case No. Category Anti globulin 


Blood Groups | | Time Lapse 
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At birth 
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At birth 
19 yr. 
At birth 
At birth 


At birth 
At birth 


At birth 
At birth 
At birth 

5% yr. 


++++out+ 1414 
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* At birth of patient. 


It will be seen that in 27 cases there were strong 
grounds for believing that haemolytic disease of the 
newborn had been present at birth, and in two-thirds 
of these the diagnosis was beyond all reasonable 
doubt. The incidence of haemolytic disease in con- 
genital perceptive deafness is 3 or 2%, according 
to whether or not the patients in the second category 
are accepted as bona fide cases of haemolytic disease. 
The relevant details of the cases in these first two 
categories are given in Table 2. 

The average age of the patients was between 8 
and9 years. Only one was a first child, the mother 
having previously received a transfusion for a mis- 
carriage. In all these cases iso-immunization 
involved the Rh system. In no case was involve- 
ment of any other blood group system encountered 
although in three cases with jaundice at birth (two 
having neurological signs), ABO incompatibility 
between mother and child was present. However, 
in view of the greater difficulty in confirming such 
cases, especially in retrospect, these three were 
relegated to category III (possible). 


Clinical Examination of Cases in Categories I 
and II. AJl cases had a history of jaundice in early 
infancy, and 10 were known to be anaemic at birth, 
Six others receiving transfusions. | Twenty patients 
had various degrees of cerebral palsy, and seven 
Were free from apparent neurological signs (other 
than deafness). Otological examination revealed no 


evidence of middle-ear disease. Vestibular response 
was investigated in 17 using Barany’s turning test. 
Post-rotatory nystagmus was observed in all 
patients, being assessed as normal in 11 and 
diminished in five. In one child a coarse nystagmus 
with severe vertigo was elicited. An investigation 
of vestibular function by caloric stimulation was not 
undertaken in this particular series. 

The mental condition could be assessed with 
reasonable accuracy in 16, of whom 14 were normal, 
one mentally defective and one backward. In the 
remaining 11 children no final assessment could be 
made but there was no cause to believe that they 
were mentally retarded, since they all responded 
well to various measures of educational treatment. 
All children started to talk late and had varying 
degrees of speech defect. The seven children with- 
out neurological complications had otherwise normal 
milestones. Fifteen were late sitting up and walking 
and five sat up at 6 months but started to walk 
late. 

The speech defect in those without motor dis- 
turbances was typical of that found in children with 
perceptive deafness, and was characterized by 
omission of high frequency sounds resulting in 
defective consonants. In the remainder, the speech 
defect was the result of both deafness and neuro- 
muscular incoordination. Speech required an 
obvious physical effort and was fragmentary, high 
frequency sounds being omitted. There was con- 
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tinued inaccurate imitation of the speech sounds 
and articulate language was at a lower level than 


the connected thought because of the effort required. 
Retarded language development resulted not only 
from the high frequency deafness but also from the 
inevitable difficulties of learning (e.g., rhythmical 


and frequent repetition). Intonation had a smaller 
range than one would expect in a cerebral palsied 
child with normal hearing. 


Hearing. Perceptive deafness of varying degree 
was diagnosed in all 27 cases. The age at which 
deafness was suspected ranged from 6 months to 
11 years, the average being 34 years. The time 
lapse between deafness being suspected and attend- 
ance at the clinic varied from 6 months to 10 years. 


It is difficult to present the hearing loss of a large 


number of individuals when they are considered as 
a single group. Some idea can be obtained from 
the type of education recommended, this being 
based on the evaluation of the patient as a whole 
(capacity to hear speech, intelligence, personality, 
etc.). Analysis of two extreme groups, those attend- 
ing a normal school (seven cases), and those in a 
school for the deaf (seven cases), already indicated 
a certain pattern of deafness. Children attending 
normal schools had a slight or moderate degree of 
deafness. None of them had a total or very severe 
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loss of hearing for high frequencies; they could hear 
vowels very well, and consonants well enough to 
correct their speech defect. The majority of the 
deaf-school group had very severe or total loss of 
hearing for high frequencies. Vowel discrimination 
was good, but they were unable to hear consonants 
and communication by speech was only possible 
with the help of lip-reading. If speech training had 
not been started early enough it was difficult to 
correct defects (lack of auditory discrimination, 
Whetnall, 1952). 

This pattern of deafness became clearer when the 
audiograms were grouped together according to 
apparent similarities. 

In 18 out of the 27 it was possible to obtain a 
reliable audiogram. Six patients were too young 
and in three the result was not considered reliable. 


} Hearing tests in children with cerebral palsy are 


difficult to perform because their physical reaction 
to sound stimuli may be delayed or altered. The 
child should be conditioned to the sound stimulus 
to perform some simple manual operation, which 
must be sufficiently complicated to leave no doubt 
that it is deliberate, and yet simple enough for the 
handicapped child to perform. A good method is 
to get the child to remove objects from a box on 
hearing the sound. In this way, with care and 
patience, results can be obtained comparable with 
those in the otherwise physically normal children ~ 


T. In each patient only the audiogram of the better 


ear is presented. The results fall into two main 
groups: in the first (audiograms Nos. 1-10) there is 
moderate or severe loss of hearing for high fre- 
quencies, and in the second (audiograms Nos. 11-17) 
there is a subtotal or total loss for high frequencies. 
There is little difference in the hearing loss for lower 
frequencies between the two groups. One audio- 
gram is not included in this analysis because the test 
was carried out by a different method, the psycho- 
galvanic test (Bordley and Hardy, 1949), which does 
not depend upon the subjective cooperation of the 
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~~ is interesting to note that it is almost identical with logical complications. An assessment of the nine 
colar those in the second group (audiogram 18). patients in whom audiograms were not obtained 
ain In so far as the deafness and the other neuro- showed that three had severe deafness and severe 
ere is logical signs may have a common pathogenesis, any neurological complications, five had moderate 
yt correlation between their respective degrees of deafness of whom two had severe and three had 
1-17) ‘severity is obviously relevant. Examination of the moderate neurological complications, and one had 
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This analysis suggests that a direct correlation 
between severity of deafness and of other neuro- 
logical signs may exist. 

In the comparison with other types of congenital 
perceptive deafness 297 cases were studied. It is 
important to note that the comparison was not 
purely one of audiograms but also of many other 
features. Deafness in these patients was not con- 
sidered as an isolated symptom, but was studied in 
relation to the individual as a whole. The various 
groups are summarized in the following paragraphs, 
and the audiograms referred to are composite ones 
representative of each group. 


MATERNAL RUBELLA DEAFNESS (69 CASES). 
General health was often below standard and there 
was a marked tendency to upper respiratory infec- 
tions. Occasional heart and eye lesions were 
encountered. Excitability was often a feature, and 
in the majority some form of behavioural disorder 
was common. Intelligence was normal in the 
majority. 

The audiogram was of horizontal type (No. 19) 
and there was usually moderate or moderately 
severe deafness, but good discrimination of all 
speech sounds. Hypersensitivity to loud sounds 
was frequently reported. Vestibular response was 
present though occasionally diminished. A hearing 
aid is useful. 


HEREDITY (50 CASES). 
recognizable. 


Two distinct types are 


19 MATERNAL RUBELLA 





20 HEREDITY |! 21 
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Type I. General health was usually good, the 
children were emotionally well adjusted, and mental 
ability was within normal limits. Vestibular 
response was usually absent. 

Residual hearing was present in the lower fre. 
quencies only (No. 20), but vowel discrimination 
was present in some. A hearing aid is of limited 
use, but it supplies useful auditory experience and 
helps in education. 


Type II. General health, emotional adjustment 
and mental ability were within normal limits, 
Vestibular response was usually present. 

There was moderate or moderately severe hearing 
loss greater in the higher frequencies giving a gently 
sloping audiogram (No. 21). Vowel discrimination 
was good and there was fair hearing for consonants, 
A hearing aid is useful. 


ANOXIA AND BIRTH INJURY (83 CASES) AND 
PREMATURITY (68 CAsEs). Analysis of these groups 
showed no significant difference. Reliable audio- 
grams were obtained in 18 of the anoxia group and 
in 24 of the prematurity group, and although they 
have not been subjected to statistical analysis, the 
vast majority formed a pattern of predominantly 
high frequency loss. In some the loss was very 
severe and in others rather less so, but none showed 
more than moderate low frequency loss (No. 22). 
Vestibular response was normal in all these cases. 
In the premature group, the general health was 
often below standard and there was a large 
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number of children who were not emotionally well 
adjusted. 


HAEMOLYTIC DISEASE OF THE NEWBORN (27 
Cases). Most showed various degrees of cerebral 
palsy (choreo-athetosis). In the majority the intelli- 
gence was normal and they were emotionally well 
adjusted. 

Audiograms showed either moderate or severe 
high frequency loss (No. 23). Hypersensitivity to 


loud sounds was not reported. Vestibular response 
was present. A hearing aid is useful in the moderate 
but less so in the severe type. 


Discussion 

The incidence of haemolytic disease of the new- 
born in the general population is not known with 
any degree of certainty, but it is usually estimated 
at 1 in 200 of all pregnancies (Mollison et al., 1952). 
This does not really give a figure for comparison 
because it takes no account, in particular, of the 
survival rate of cases of haemolytic disease. The 
mortality from this condition is still high and must 
have been higher at the time of birth of many of the 
children now under review. Hence it is reasonable 
to assume that the incidence amongst surviving 
children in this particular period was certainly not 
more than 0-5°% and was probably considerably 
less. Even if this figure were correct, the observed 
incidence in deaf children (2 and probably 3%) is 
highly significant (P <1:1000). 

The detection of deafness in these children, 
especially in those with cerebral palsy, is not easy. 
Defective speech is a good pointer to hearing defect 
in the otherwise physically normal, but in those 
with paralysis of cerebral origin it may be merely a 
manifestation of disturbance of motor function. 
There are, however, a few helpful signs to look for in 
these cases. If some speech has developed, high 
frequency sounds may be omitted and there is a 
continued inaccurate imitation of the speech sounds 
with a defect in pronouncing consonants, especially 
sibilants. The child will lip read and intonation 
may have a smaller range than would be expected 
in a child with cerebral palsy but normal hearing. 
After a period of observation and training, the 
presence of an additional cause for speech defect will 
gradually become apparent to an experienced teacher. 

Auditory function involves much more than the 
hearing of pure tones registered by an audiogram 
which, therefore, does not give the complete picture. 
However, an audiogram does present a definite 
picture of a disturbance of function in the auditory 
pathway. A lesion in a particular site will result in 
loss of hearing which is consistently associated with 
4 certain type of audiogram, and a pattern can 
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actually be detected in deafness associated with 
selected pathological conditions. This fact is 
brought out in the comparative study of various 
types of congenital deafness. Predominant high 
frequency loss is a common finding in cases of 
perceptive deafness irrespective of the cause, but it 
was thought that the particular patterns of deafness 
associated with anoxia, birth injury and prematurity 
on the one hand and haemolytic disease on the other, 
showed similar features suggesting the possibility 
of a common site of lesion. However, further study 
is necessary to verify the true identity of these 
patterns. 

Gerrard (1952) examined two cases of kernik- 
terus after death and found the cochlea normal but 
the cochlear nuclei showed degeneration of the 
nerve cells. Nuclear staining and degeneration and 
subsequent disappearance of the nerve cells have 
been described by many workers since the first case 
of kernikterus was recorded by Orth (1875). The 
vast majority of cases have come to necropsy soon 
after birth. Examinations at a later date have been 
relatively few and particular reference to the cochlear 
nuclei has rarely been made. 

For obvious reasons, the condition of the cochlear 
nuclei in cases which have suffered from perceptive 
deafness is not accurately known, but in those cases 
where deafness is associated with the neurological 
manifestations of kernikterus, it is reasonable to 
assume that the lesions are of a similar nature and 
origin. The pathogenesis of damage to the cochlear 
nuclei and hence, presumably, the cause of percep- 
tive deafness in cases of haemolytic disease of the 
newborn is, therefore, that of kernikterus in general. 

A wide variety of theories have been advanced in 
recent years to explain this condition. Furthermore, 
many cases have now been described in which there 
is no serological evidence of iso-immunization, and 
there is a growing belief that kernikterus is not, as 
was thought formerly, pathognomonic of haemo- 
lytic disease. Of the various suggested aetiological 
factors, two are of particular interest in the present 
connection. Claireaux (1950) suggested that the 
nuclear masses were susceptible to anoxia conse- 
quent upon the severe anaemia associated with 
haemolytic disease, and Govan and Scott (1953) 
carried this concept a stage further when they 
reported 10 cases of kernikterus without evidence 
of haemolytic disease but with a history of asphyxia 
at birth. Aidin, Corner and Tovey (1950) recorded 
25 cases of kernikterus at necropsy with no evidence 
of haemolytic disease, and 24 of their cases were 
premature. These authors suggested that pre- 
maturity played an important part in the patho- 
genesis of the condition. 
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In the present series the possible effects of iso- 
immunization only have been considered. In none 
of the 27 cases was there any obstetric history 
suggesting the occurrence of asphyxia, and in seven 
only could a history of prematurity be elicited. 
There was no evidence of any relationship between 
prematurity and the degree of deafness. Whatever 
part anoxia may have played in the pathogenesis of 
deafness in these cases, prematurity can hardly be 
regarded as having had any material influence. 
However, comparison with cases of perceptive deaf- 
ness not associated with haemolytic disease is 
interesting, particularly from the point of view of 
the audiograms. As already mentioned, the pattern 
of hearing loss was thought to be similar in both 
haemolytic disease and in that group of cases in 
which anoxia was present for other reasons. In 
maternal rubella and the hereditary types of deafness 
there is interference with cochlear development while 
in the anoxic and haemolytic disease groups cochlear 
development is normal. It is tentatively suggested 
that congenital perceptive deafness may be of two 
types, cochlear or nuclear, according to the site of 
the lesion. The linking together in this way of the 
two types of deafness associated with haemolytic 
disease and anoxia respectively may indicate a 
common site of the lesion but not necessarily a 
common aetiology, although the association of 
kernikterus with asphyxia in Govan’s cases would 
suggest a closer causal relationship. 

The predominance of high-frequency loss of hear- 
ing in these cases requires further comment. In 
theory, high-frequency loss could be explained in 
terms of selective lesions anywhere in the auditory 
pathway. There is no evidence that the organ of 
Corti is damaged in these cases nor, it must be 
admitted, any certain proof to the contrary, though 
if it were, an explanation of the selective damage to 
the basal portion would still be necessary. The 
dorsal cochlear nucleus, as distinct from the ventral, 
is the one place where the high frequency fibres are 
probably completely separated from the low (Lewy 
and Kobrak, 1936). The bilateral nature of the 
condition indicates some peculiarity in the high- 
frequency pathway which renders it more susceptible 
to damage. The problem of the selective vulner- 
ability of the auditory pathway is clearly one for 
much further study. 

The result of this investigation leaves little doubt 
that iso-immunization plays a part in the patho- 
genesis of congenital perceptive deafness which 
seems to be linked with the condition of kernikterus. 
A considerable proportion of cases still remain 
without a known aetiological basis, and the fact 
that kernikterus may arise in other circumstances 
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Suggests that perhaps a new light may be thrown 
on yet a few more of these cases of congenital] 
deafness. 

The correct diagnosis of the cause of corigenital 
deafness is of more than academic interest. Not 
only does it help to reduce the number of unclassified 
cases, but by establishing associated conditions, jt 
promotes early detection and facilitates necessary 
speech training. To this end, although iso-immy.- 
nization accounts for only a small number of the 
total, it is recommended that children who survive 
haemolytic disease of the newborn should have their 
hearing tested at a clinic where full facilities exist 
for this type of work. 


Summary 


In an investigation of 891 children with congenital 
perceptive deafness, evidence of haemolytic disease 
of the newborn was found in 27, of whom 20 had 
varying degrees of choreo-athetosis. There appeared 
to be some correlation between the degree of deaf- 
ness and the severity of other neurological signs. 

These cases were compared with other cases of 
congenital perceptive deafness associated with anoxia 
and birth injury (83), prematurity (68), heredity (50) 
and maternal rubella (69). A similarity was noted 
between the audiograms of the cases associated with 
haemolytic disease and anoxia respectively in both of 
which there is selective high-frequency loss. It is 
suggested that in these two groups there is at least a 
common site of the lesion if not 2 common aetiology. 
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kindly supplied results of serological investigations 
carried out at the births of a proportion of our patients. 
Our thanks are due to Miss E. Whetnall, Director of the 
Audiology Unit, and to Dr. I. Friedmann, Director of 
the Department of Pathology, for advice and encourage- 
ment, and also to the various members of the staffs of 
the Audiology Unit, the Pathology Laboratory, and the 
Department of Clinical Photography for their assistance. 
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SCHOOL CARDIAC CLINIC 
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Cardiac clinics, to which children may be referred 
by general practitioners or school medical officers, 
have now been established at many centres in this 
and other countries long enough for their value to 
be assessed. 

It is generally agreed that for the child they are 
of value in several ways. First, a firm diagnosis of 
‘functional’, ‘ physiological’, or ‘ insignificant ’ 
murmurs can be made and the child spared needless 
restriction and invalidism. Second, cases of 
rheumatic heart disease can be kept under observa- 
tion and guidance so that relapses may be recog- 
nized and treatment instituted as soon as possible 
(this applies particularly to relapses of carditis 
unassociated with arthritis or chorea) and the child 
advised regarding education and subsequent employ- 
ment. Third, cases of congenital heart disease can 
be diagnosed as accurately as possible and the 
parents and school authorities advised as to any 
necessary restriction and about education and 
subsequent employment. Further, the possibility 
of corrective surgery can be assessed. 

For general practitioners and school medical 
officers the clinics afford readily available advice 
and help in the management and care of the children. 

For paediatricians or cardiologists in charge of 
such clinics a vast field is opened up for observa- 
tional research on the natural history of congenital 
and rheumatic heart disease. These clinics also 
provide many fascinating diagnostic problems and 
are of great value in undergraduate and post- 
graduate teaching, since they bring together so many 
and such varied cardiac physical signs. Finally, the 
analysis of the cases referred to the clinic gives 
information as to the incidence of the various types 
of heart disease occurring in the community served. 
Some reports giving information of this nature 
about such clinics have appeared in North America 
‘@g., Robinson, Aggeler and Daniloff, 1948; Keith, 
1951), but we have traced only one from the British 
Isles, that of Price (1949), who described a clinic 


in a semi-urban area during its first 18 months. It 
was therefore considered that a report from a clinic 
in an urban area might provide material of interest, 
the value of which would be enhanced by a follow-up 
survey of several years’ duration. 

The clinic in Bristol was started in 1927 by 
Dr. Carey Coombs to provide a service for the 
School Medical Department, and has been con- 
tinued since. It would have been interesting to 
review the part the clinic has played over the 25 
years of its existence, but there were insuperable 
difficulties. First, it must be admitted that the 
accuracy of diagnosis in both rheumatic and con- 
genital heart disease has been increased in recent 
years, in part because of the cumulative experience 
from cardiac clinics. Thus, it has been shown 
clearly that many murmurs, even when occurring 
in children with a history of ‘rheumatism’, are in 
fact ‘innocent’ or ‘functional’ murmurs. Second, 
as a result of the intensive study of congenital heart 
disease over the past two decades, a fairly firm 
diagnosis can now be made, in the majority of cases, 
on a Clinical basis. For these two general reasons 
comparisons over a period of 20 years or more are 
not valid. A third, and local, reason is that some 
of the Bristol records were lost as the result of 
enemy action in the war. For these various reasons, 
and to permit of a reasonable period of observation, 
only the cases referred to the clinic between 1943 
and 1948 have been studied. 

Essentially the clinic serves the Bristol City area, 
and patients living outside Bristol have been 
excluded from this study. The large majority of 
children who attended were referred from Bristol 
school clinics. The school population was 38,500 
in 1943 rising to 48,700 in 1948.* In addition, some 
younger children were referred from pre-school 
clinics, and this group included a large proportion 





* The school leaving age was raised from 14 to 15 years in 1948. 
For consistency, however, all children over 14 years of age have been 
excluded throughout the series. 
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of the cases with congenital heart disease. A few 
children were referred for an opinion by the family 
doctor. The remainder attended for routine 
observation after being discharged from hospital 
where they had been in-patients. 

Table 1 shows the number of new cases attending 
annually, which fluctuated round an average of 214. 


TABLE 1 
NEW CASES ATTENDING ANNUALLY 





Year No. of New Cases 
1943 
1944 
1945 
1946 
1947 
1948 








Total 





The majority of children attending fell into two 
age-groups, corresponding with the ages at which 
routine school medical examinations are carried 
out: 40% were between 10 and 13 years old, and 
27°5% between 5 and 7 years. A further 15% were 
under 5 years of age. 


Methods of Assessment 


After taking the history from the accompanying 
parent or other relative, and carrying out a physical 
examination, ancillary investigations were made 
when they were considered necessary. At the first 
attendance, in about one-fifth of the cases, a radio- 
graph of the chest was taken and this was followed 
by fluoroscopy in a small proportion. An electro- 
cardiograph was taken in just over one-fifth of the 
total. The proportion in which these investigations 
were done was considerably increased at subsequent 
attendances. In any patient in whom active disease 
was suspected an erythrocyte sedimentation rate 
estimation was done. Other special examinations 
were obtained in a small number of patients. In 
some children, usually those with congenital heart 
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disease, angiocardiography or/and cardiac catheter. 
ization was later performed. 

Children with no abnormalities were discharge 
as a rule after being seen once, or at most twice: 
others continued under supervision for periods up 
to several years, usually until they reached the 
school-leaving age. 


Reason for Referral 


Suspected Heart Disease (551 Cases). In the 
largest single group of cases the child was referred 
because a cardiac abnormality had been suspected 
on routine examination.* In some a murmur had 
been timed and described, and in some cases a 
definite or tentative diagnosis of a functional 
murmur or organic (rheumatic or congenital) heart 
disease had been made. A few were referred with 
tachycardia or bradycardia or, more commonly, an 
arrhythmia (nearly always diagnosed at the clinic 
as simple sinus arrhythmia or, in a smaller number, 
as extrasystoles). More rarely the patient was 
referred for suspected cardiac enlargement, or with 
the vague label of ‘cardiac weakness’ or ‘heart 
attacks’. 

Among the 551 cases, rheumatic heart disease 
was diagnosed in 24 (six active and 18 quiescent) 
and congenital heart disease in 98. A definite 
diagnosis could not be made in 15. In 2434 
functional murmur was diagnosed. In the remaining 
171 cases no abnormality was found in the heart. 


History of Previous Rheumatic Fever (196 Cases), 
These patients have been divided into two groups, 
according to whether they had or had not been in 
hospital during the alleged attack of rheumatic 
fever. This separation appeared advisable becaus 
of the imprecise description of the illness in many 
instances where the child had been treated at home. 
It was suspected that in a considerable proportion 
of the latter there had not, in fact, been a genuine 


* Fourteen pationte were excluded from this group because there 
was also a history of rheumatic fever (8 cases) or chorea (6 cases). 


TABLE 2 
PATIENTS REFERRED WITH A HISTORY OF PREVIOUS RHEUMATIC FEVER 





—_— | 


Ex-hospital 


a 


Non-hospital | Total 





Rheumatic heart disease 
Active 
Quiescent 
Recovered - 
No abnormal cardiac sign, or functional ‘murmur only 
Congenital heart disease : 
Doubtful 


17 84 
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attack of acute rheumatism. This suspicion appeared 
to be confirmed by the considerably higher incidence 
of rheumatic heart disease in the hospital cases as 
compared with the others. As shown in Table 2, 
in the hospital group there was active or quiescent 
theumatic heart disease in 39% compared with 13% 
in the non-hospital group. Another reason for the 
disparity between the two groups may be that 
doctors are more likely to refer a child with acute 
rheumatism to hospital if they find clinical evidence 
of cardiac involvement. 


History of Previous Chorea (47 Cases). For the 
reason given in the previous group the patients in 
this group were also separated into hospital and 
non-hospital cases. It can be seen from Table 3 
that in the former the incidence of active or quiescent 
theumatic heart disease was 18%, compared with 
38% in the latter. This is very surprising, especially 
as there are probably more errors made in the 
diagnosis of chorea than of rheumatic fever. It is 
evident, whatever the reasons, that the factors 
operating as regards admission to hospital for 
theumatic fever did not operate equally in cases of 
chorea. 


Acute Rheumatism (55 Cases). Children suspected 
of having acute rheumatism are not, of course, 
usually referred as out-patients. Consequently, the 
number so referred included many admittedly 
doubtful cases. 

In most of the patients in this group there was 
complaint of pains in the limbs or joints, sometimes 
with a history of swelling of the joints. Among the 
55 patients acute rheumatism was confirmed in 14; 
nine of these had active carditis. One other child 
had quiescent rheumatic heart disease. In the 
majority of unconfirmed cases no positive diagnosis 
was made, though in some the symptoms were 
considered to be associated with a transitory upper 
respiratory infection. In two traumatic synovitis 
was diagnosed. One patient had a tuberculous knee 
and another pneumococcal arthritis. 
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Acute Chorea (105 Cases). Among the children 
referred because of suspected chorea, the diagnosis 
was confirmed in 19 (six with active carditis). The 
large majority of the remainder suffered from some 
form of nervous tic, but in a few no disorder was 
found. 


‘Chronic Rheumatism’ (168 Cases). Various 
terms, such as ‘chronic rheumatism’, ‘ subacute 
rheumatism’, ‘muscular rheumatism’ and ‘growing 
pains’, were applied more or less indiscriminately 
to children complaining of vague pains in the limbs. 
On close questioning the pains were found not to 
involve joints. 

Among 168 patients in this group a cardiac 
abnormality was found in three. In one of these 
active rheumatic carditis was present; another had 
a patent ductus arteriosus and the third a congenital 
interventricular septal defect. One other patient 
was found to be suffering from Osgood-Schlatter 
disease. The remainder fell into the group of 
so-called ‘growing pains’ (Naish and Apley, 1951). 

It is interesting to note that one child in this 
group, in whom no abnormality was found at the 
first examination, developed rheumatic fever with 
chorea and carditis a year later. In another, who 
had complained of limb pains for nearly three years, 
primary pulmonary tuberculosis was diagnosed 
seven months after the first examination. 


Miscellaneous Complaints (164 Cases). As reasons 
for referring patients in this heterogeneous group 
the following may be quoted: vague pains with 
coryza or a febrile illness, pain in the abdomen or 
side, joint swellings, Still’s disease, nodules, blue 
lips or fingers, giddiness, “black-outs’, dizzy spells, 
and underweight. In all, presumably, some cardiac 
or rheumatic condition had been suspected. 

In the 164 patients forming this group there was 
one with congenital heart disease and there were 
four with rheumatic carditis (two active and two 
quiescent). In a few of the others some disease 
process was found, the least uncommon being a 


TABLE 3 


PATIENTS REFERRED WITH A PREVIOUS HISTORY OF CHOREA 





Ex-hospital Non-hospital 





Rheumatic heart disease 

Active 

Quiescent 
, | Recovered i - ea ok ea 
No abnormal cardiac sign, or functional murmur only 
Congenital heart disease “ ae ae ad 
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pulmonary disorder (such as asthma) or infection, 
or anaemia, with a few isolated examples of various 
other conditions. 


Rheumatic Heart Disease 

It was found convenient to classify cases of 
rheumatic heart disease into three groups: ‘active’, 
‘quiescent’ and ‘recovered’. The terms ‘active’ and 
‘quiescent’ are self-evident; ‘recovered’ rheumatic 
heart disease was applied to those cases in which 
evidence (usually clinical and sometimes electro- 
cardiographic) of cardiac involvement was found 
during the acute illness, but was no longer present 
when the patient attended the clinic. This diagnosis 
was usually possible only in children who had been 
hospital in-patients. 

Among 148 children diagnosed as having rheu- 
matic heart disease, in 35 there was active carditis, 
in 71 the rheumatic process was quiescent, and in 
42 there appeared to be complete recovery. 


Antecedents of Quiescent Disease. In the 71 
patients comprising this group 42 had a history of 
rheumatic fever and eight of chorea. Among the 
21 remaining, in four a history of scarlet fever was 
obtained, in four some apparently unrelated 
infection (such as pneumonia) had occurred, and in 
13 there was no history of any disease which 
appeared to be relevant. 


Age and Sex Incidence. Three children with 
rheumatic heart disease were seen at the age of 
3 years, and two more at 4 years. A gradual rise 
in numbers then occurred in each age group until 
the age of 7; subsequently a fairly steady level was 
maintained, which fell again after the age of 13. 

There was no significant difference in sex 
incidence. 

Congenital Heart Disease 

One hundred and three children who attended 
were diagnosed as having congenital heart disease; 
the diagnoses are classified in Table 4. 


TABLE 4 
CASES WITH CONGENITAL HEART DISEASE 


Non-cyanotic (95) 
Inter-ventricular septal defect ‘ 
Inter-auricular septal defect (including one case of Lutem- 
bacher’s syndrome) a ‘ 
Pulmonary stenosis .. 
Patent ductus arteriosus 
Aortic and sub-aortic stenosis 
Coarctation of aorta 
Situs inversus 
Heart disease with Friedreich’s ataxia 
Undiagnosed .. ; 


Cyanotic (8) 
Tetralogy of Fallot .. 
Transposition of great vessels 
Eisenmenger complex (with patent ductus) 
Pulmonary arteriovenous a 
Undiagnosed . ’ 
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The diagnosis was almost invariably made op 
Clinical and radiological (fluoroscopy) evidence, with 
electrocardiographic confirmation. In a small pro. 
portion of cases angiocardiography or/and cardiac 
catheterization was carried out subsequently. Most 
of the cases with patent ductus arteriosus, coarctation 
and tetralogy of Fallot were operated on. Pog. 
mortem examination was performed in five cases, 


Age and Sex Incidence. Just under half the cases 
with congenital heart disease were referred under 
the age of 5, i.e., before they had attended school. 
A further quarter of the total cases were referred in 
the two years after first going to school, as a result 
of school medical examinations. There was another 
small peak in the level of numbers referred at 
10 years of age, coinciding with the second school 
medical examination. 

The ratio of males to females was 62 to 41. 


Functional Murmurs 


A diagnosis of a functional murmur was made 
in 303 children. The fact that 303 of the 1,286 
children were found to have a functional murmur 
and that many of them were referred on account of 
this murmur illustrates one of the most important 
functions of a clinic of this sort. These murmurs 
frequently raise the suspicion of organic heart 
disease, and unless recognized as truly ‘insignificant’ 
may lead to much unnecessary anxiety and in- 
validism. 

In this retrospective survey it was not found 
possible to assess accurately changes in the incidence 
of functional murmurs with age, one difficulty being 
that children with these murmurs did not invariably 
remain under continued observation. In some 
children who did continue to attend a functional 
murmur became audible at a variable time after 
the first clinic attendance, but in a rather larger 
number of patients who continued under observa- 
tion functional murmurs were lost. On the whole, 
the incidence of these murmurs gradually fell with 
age. 

Undiagnosed Cases 

In 16 children no definite diagnosis was made, 
despite repeated observation. The problem in each 
instance was to decide whether organic heart disease 
was present or not. The cases fell almost equally 
into two groups, comprising possible rheumatic and 
possible congenital heart disease respectively. In 
most instances radiography, fluoroscopy and electro- 
cardiography were carried out but were unhelpful. 
At the beginning of the six-year period angio- 
cardiography and cardiac catheterization were nol 
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yvailable as diagnostic aids; but even towards the 
end of the period they were not invoked, since the 
management of the case was not at issue in any 
instance. 


Major Changes in Diagnosis 


In a small proportion of children a preliminary 
or tentative diagnosis was confirmed or disproved 
during the course of subsequent examinations, 
because Of modifications in the physical signs. 
These changes in diagnosis are not considered in 
detail, though they emphasize the value of con- 
tinued observations. 

In a small number of cases, however, a major 
change in diagnosis was made subsequent to the 
first examination, and these are summarized as 
follows. 

In two children, with a history of previous 
theumatic fever, new physical signs developed some 
months after the first examination (at which no 
abnormalities had been found in the heart) and the 
diagnosis of rheumatic heart disease was later made. 
In two other patients the diagnosis of congenital 
heart disease was subsequently changed to that of 
theumatic heart disease. In three patients thé 
diagnosis of rheumatic heart disease was changed 
to that of congenital heart disease. In nine children 
the diagnosis of congenital heart disease was changed 
to that of ‘functional murmur’, and in two the 
change was in the reverse direction. In most of 
these cases the change in diagnosis was made 
because of apparent alterations in the cardiac signs, 
but in a few a doubtful clinical diagnosis was 
influenced by subsequent fluoroscopic or electro- 
cardiographic findings. 


Discussion 


_ Incidence. The true incidence of heart disease 
in children cannot be assessed from the attendances 
of patients referred to such a cardiac clinic. Though 
some estimates, based on clinical and ancillary 
appraisement (Robinson et al., 1948; Keith, 1951) 
or on necropsy figures (Keith, 1951; Apley, 1951) 
have been reported, there is a need for further 
teports from centres where access to unselected 
school and pre-school populations is completely 
comprehensive. 

As regards the relative incidence of rheumatic 
and congenital disorders of the heart, there is some 
divergence of opinion. There has, however, been a 
sitiking decrease in recent years in the incidence of 
theumatic heart disease, and also greater awareness 
and interest in the diagnosis of congenital heart 
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disease. The ratio of rheumatic to congenital heart 
disease in school children as reported by Robinson 
et al. (1948) in San Francisco was 2-4 to 1:9. 
Keith (1951) in Toronto found a ratio of 44% 
rheumatic to 56% congenital in the 5-15 year age- 
group. Both these computations are derived from 
‘heart registries’ in which an attempt has been made 
to include all children in the district. In this 
country Price (1949) has published figures from a 
semi-urban cardiac clinic which, like the Bristol 
clinic, relies for its material on cases referred for an 
opinion. In his group the proportion of rheumatic 
to congenital cardiac disorders was 46% to 54%. 
In the Bristol area the proportions were 59% to 
41 % if all cases of rheumatic heart disease (including 
‘recovered’ cases) are included. If only active and 
quiescent cases are included the proportions of 
rheumatic and congenital cases are almost equal. 

The Bristol figures for congenital heart disease 
are evidently an under-estimate, inasmuch as a 
number of children with cyanotic heart disease are 
kept from school, and hence from school clinics, 
or are referred elsewhere than to the clinic. The 
latter factor may also apply, to a much smaller 
extent, to non-cyanotic congenital heart disease. It 
is certain that the ratio of 95 acyanotic to 8 cyanotic 
is very misleading since it is well known that many 
patients with cyanotic congenital heart disease die 
in infancy. But even so, it is probable that more 
survive to school age and over than would appear 
from these figures. 

Though the relative incidence of individual con- 
genital anomalies as given by different authors 
varies widely, it is more or less generally agreed that 
the commonest single malformation is interventri- 
cular septal defect. Some of the discrepancies arise 
because children with certain anomalies may be 
referred more readily than others to clinics: a 
further discrepancy is evidently produced by 
variations in the criteria of diagnosis and in the use 
of ancillary methods of diagnosis. Thus, the high 
incidence of diagnosed pulmonary stenosis in the 
present series (19%), and in that of Price in 1949 
(23°), should be contrasted with the very low 
incidence (1°) reported by Keith (1951). The true 
incidence is clearly likely to be determined only in 
centres where there is access to unselected school 
and pre-school populations. 


Summary 


An analysis has been made of 1,286 children 
referred to a cardiac clinic for school children from 
1943 to 1948. 
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‘MYSOLINE’ IN THE TREATMENT OF RECALCITRANT 
IDIOPATHIC MAJOR EPILEPSY IN MENTALLY 


DEFECTIVE CHILDREN 


THOMAS A. COUSTON 


From Baldovan Institution, by Dundee 


(RECEIVED FOR PUBLICATION MARCH 9, 1954) 


The pharmacology of ‘mysoline’ has been dis- 
cussed by Adderley and Monro (1953), Bogue and 
Carrington (1953), Handley and Stewart (1952), and 
by Smith and Forster (1953). This report is con- 
fined to a description of a recent clinical trial of 
mysoline in the treatment of recalcitrant idiopathic 
major epilepsy which was carried out at Baldovan 
Institution, Dundee. Six members of the trial 
series were children varying in age from 6 years 
10 months to 15 years 8 months. These six children 
have a history of idiopathic major epilepsy dating 
from infancy and all have proved recalcitrant to 
various forms of anti-convulsant drug therapy. 

The age and sex of the patients are shown in 
Table 1. 

TABLE | 
AGE AND SEX OF PATIENTS 





Case No. Sex Date of Birth 


13.5.41 
27.7.38 
10.7.45 
10.10.39 
25.9.38 
2.5.47 





Female 





The number of episodes of grand mal per patient 
are shown in Table 2. 


TABLE 2 
NO. OF GRAND MAL EPISODES PER PATIENT 





Case No. 


No. of Grand Mal Episodes 





oo in year ending December 31, 1953 


” 
163 ss ’” ” 
100 ” » 


 _ . < 
259 in 5 months preceding December 31, 1953 





All six patients had received intensive anti- 
convulsant therapy, and the figures in Table 2 show 
the best degree of control established at December 
31, 1953. Table 3 shows previous anticonvulsant 
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therapy employed at various times before the 
administration of ‘mysoline’. 


TABLE 3 
SUMMARY OF PREVIOUS TREATMENT 





Previous Treatment 





‘Epanutin’ ‘epanutin’ and phenobarbitone, ‘mesontoin’ 

‘Epanutin’ ‘epanutin’ and phenobarbitone, ‘mesontoin’ 

‘Epanutin’, ‘mesontoin’, phenobarbitone 

‘Epanutin’, ‘epanutin’ and phenobarbitone, ‘mesontoin 

‘Epanutin’, ‘epanutin’ and phenobarbitone, ‘mesontoin’ 

‘Epanutin’, ‘mesontoin’, phenobarbitone, injection of 
soluble phenobarbitone 





The physical and mental condition of each patient 
was assessed on December 31, 1953. A _ brief 
resumé of the condition of each patient is given 
below. 


Case No. 1. A small child of extremely poor physical 
condition, she has a Meckel’s diverticulum which causes 
her trouble but surgery is contra-indicated because of her 
physical condition. Her episodes of grand mal are very 
severe and exhausting. She is confined to bed, is dull 
and lethargic, takes no interest in her surroundings and 
makes few voluntary movements. 


Case No. 2. This girl is in poor physical condition 
with a gross deformity of the thorax. She is quite 
helpless and confined to bed. She has frequent episodes 
of right cardiac failure precipitated by severe and 
exhausting episodes of grand mal. 


Case No. 3. This epileptic boy is also a case of 
phenylpyruvic oligophrenia. His physical condition is 
fair but he is showing a slow deterioration mentally and 
physically. He is lethargic and shows little interest in 
his surroundings. 


Case No. 4. This boy is in fair physical condition but 
is showing a marked deterioration both physically and 
mentally. His episodes of grand mal are severe and 
followed by long periods of confusion. His scholastic 
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abilities have deteriorated to such an extent that he has 
had to be withdrawn from the school and occupational 
therapy class. He is moody and irritable, his behaviour 
is quite unpredictable, and he resents any form of 
discipline. 


Case No. 5. This microcephalic patient is in fair 
physical condition. His episodes of grand mal are severe 
and exhausting. He has violent temper tantrums with 
head banging. 


Case No. 6. This little girl has shown a rapid deteriora- 
tion both physically and mentally since her admission 
five months ago. Her episodes of grand mal are frequent 
and severe in spite of intensive anticonvulsant therapy. 
The degree of control established is slight in spite of high 
dosage of anticonvulsant drugs. Indeed this dosage is 
so high that she is lethargic, confused, and clumsy in her 
movements. She takes little or no interest in her 
surroundings. She has been withdrawn from school and 
is now confined to bed. 


Scheme of Treatment 


The change-over from the previous anticonvulsant 
therapy to ‘mysoline’ was based on a three-unit dose 
per day time table and was carried out as shown in 
Table 4. 

TABLE 4 
TIME-TABLE OF DOSAGE 





Previous Treatment 
(unit dose) 


0-3 a 3 
4-6 oa 2 
7-9 el 1 
10 onwards | Nil 


*‘Mysoline’ 


Day of Treatment (unit dose 0-25 g.) 








Each case was assessed weekly on the bases of 
(1) general condition, and (2) number of episodes 
of grand mal. 


First Week. During the first week each patient 
received 2 g. ‘mysoline’ in addition to a gradually 
decreasing dosage of the anticonvulsant’ drug 


previously administered (Table 4). On the fifth day 
Case 4 showed an obvious improvement. He 
appeared more active, more alert and happier. The 
overall picture in his case resembled that expected 
from the administration of amphetamine. The other 
five members of the series showed no change. 


Second Week. During the second week each 
patient received 4-75 g. ‘mysoline’, and on the tenth 
day the anticonvulsant drug previously administered 
was withdrawn (see Table 4). All six patients 
showed well marked changes in their general con- 
dition. Case 1 became obviously more alert, 
started to sit up in bed voluntarily and made arm 
and leg movements apparently for her own amuse- 
ment. Case 2 became brighter and showed interest 
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in her surroundings. Case 3 appeared much more 
contented and showed an interest in ward life 
Case 4 again showed a marked improvement, his 
whole attitude to ward life changed, he appeared 
much happier, more contented and amenable to 
discipline. Case 5 showed a decrease in the number 
of temper tantrums and his head banging was much 
less severe. Case 6 exhibited a sudden and remark. 
able improvement from the eighth day onwards; her 
lethargy vanished rapidly, she became interested in 
her surroundings, mental alertness increased, and 
her muscular coordination became more precise, 
On the eleventh day she was allowed out of bed and 
was running about the ward on the fourteenth day, 
No case showed any side-effects. 


Third Week. During the third week each patient 
received 5-25 g. ‘mysoline’. In all cases the improve- 
ments shown during the previous two weeks were 
maintained. The outstanding finding was the 
marked change in mental outlook and personality 
in all six cases. All showed greater interest in ward 
life, and appeared much happier and more con- 
tented. This was remarkable to witness as all had 
shown mental and physical deterioration previously. 


Fourth Week. During the fourth week each 
patient received 5-25 g. ‘mysoline’. Case | showed 
a great increase in muscular activity and in interest 
in her surroundings. She was allowed out of bed 
for the first time for four months on the twenty- 
second day and on the twenty-sixty day she was 
sitting up in a wheel chair taking a lively interest 
in her surroundings. Case 2 appeared much more 
active and contented, her episodes of grand mal 
were less severe and were not followed by right 
cardiac failure. Case 3 was much more active, and 
his lethargy had vanished. Case 4 showed remark- 
able improvement, he was active, contented, 
cooperative and amenable to discipline. It was 
decided to re-admit him to the occupational therapy 
class the following week. Case 6 showed a similar 
improvement; she was bright, active and coopera- 
tive. It was decided to re-admit her to school. 


Fifth Week. During the fifth week each patient 
received 5-25 g. ‘mysoline’. The increase of ‘well- 
being’ in all six patients was well established and 
maintained. No relapses had occurred and no 
side-effects were observed. Case 4 was re-admitted 
to the occupational therapy class where he settled 
down and showed an unexpected degree of coopera- 
tion and concentration. Case 6 was re-admitted to 
school where her powers of concentration and ability 
were found to be superior to those shown when she 
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showed a reduction in the number of episodes of 
grand mal. 

Sixth Week Onwards. Dosage has been main- 
tained at 5-25 g. ‘mysoline’ weekly. The overall 
picture appears stabilized, and the improvements 
shown are maintained in all cases. No side-effects 
have occurred and no relapses have been noted. 

Episodes of grand mal have been noted on a 
28-day month basis and compared with the 28-day 
month average number of episodes of grand mal 
before December 31, 1953, as shown in Table 5. 


Conclusion and Summary 

Six cases of recalcitrant idiopathic major epilepsy 
in mentally defective children have been treated 
with ‘mysoline’ over a period of 11 weeks. All six 
cases had received intensive anticonvulsant therapy 
previously with other drugs. Each case showed 
remarkable improvement in a very short period with 
freedom from side-effects; in one case improvement 
was noted during the first seven days’ treatment. 
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TABLE 5 
SUMMARY OF GRAND MAL EPISODES 
| Previous 
Case No. Month 1 | Month 2 Month 3 Month 4 Month 5 | Monthly Average 
1 21 12 6 7 4 23-36 
2 14 8 8 7 6 15-6 
3 5 1 4 2 | 1 12-4 
4 7 1 1 1 | Nil 7-68 
5 2 Nil Nil Nil Nil 7-36 
6 8 Nil Nil Nil Nil 51-8 
was previously withdrawn from school. All cases The improvement in all cases took two forms: 


(1) personality changes, and (2) decrease in the 
number of episodes of grand mal. 

The personality changes took the form of a great 
improvement in the general well-being of the patient 
with increased mental and physical activity and 
increased powers of concentration with improve- 
ment in sociability and performance. 

It appears that mysoline has an important place 
in the treatment of recalcitrant idiopathic major 
epilepsy in mentally defective children, especially in 
those showing well marked physical and mental 
deterioration. 


I would like to thank Imperial Chemical (Pharma- 
ceuticals) Limited for supplying the ‘mysoline’ used’ in 
this series. 
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During recent years idiopathic renal acidosis of 
infancy has become more widely recognized as a 
cause of failure to thrive. Common presenting 
features are anorexia, vomiting and constipation, 
which usually appear after some months of apparent 
good health. 

In 1935 Lightwood described the clinical syndrome 
and pathology of nephrocalcinosis in early life. Its 
association with persistent acidosis was reported in 
the following year by Butler and his colleagues 
(Butler, Wilson and Farber, 1936) while Hartmann 
(1939) and later Stapleton (1949) explained the 
disorder as an inability of the kidneys to conserve 
bicarbonate. This renal defect appears to lie in the 
proximal tubule (Latner and Burnard, 1950); the 
cause remains obscure (Hutchison and MacDonald, 
1951; Doxiadis, 1952; Payne, 1953). In 1952 Payne 
and Lightwood described the syndrome of idio- 
pathic hypercalcaemia in infants; more recently the 
suggestion has been made that alkalis may be of 
aetiological importance in this condition and also 
that it may be related to infantile renal acidosis. 

Although idiopathic renal acidosis in infants may 
occur in a mild and non-fatal form, it is believed that 
the majority of severe cases succumb if untreated. 
Perhaps the most important feature of the disordered 
renal function is its temporary nature for, after a 
prolonged course of corrective treatment with 
alkalis, complete recovery seems to occur. 

The study reported here relates to 17 infants with 
idiopathic renal acidosis diagnosed and treated in 
the Birmingham Children’s Hospital during the 
five-year period from February, 1948, to February, 
1953. Through the kindness of the physicians con- 
cerned one or other of us has been able to follow 
the progress of all 17. The clinical features and 
treatment of each have been reviewed and are here 
summarized. The biochemical studies have been 
re-examined with particular reference to azotaemia 
and hypercalcaemia. Thirteen patients, in whom 
treatment with alkali has been discontinued for 
periods of from four months to four and a half years, 


have been re-examined to assess long-term prognosis, 
Further, we have examined this series for possible 
aetiological factors, paying particular attention to 
the dietary history and the administration of such 
household remedies as ‘magnesia’. 


Diagnostic Criteria 
We have accepted as diagnostic of the disorder 
the finding of a plasma CO,-combining power of 
below 40 vol. % together with a urinary pH 
persistently above 6-5 in a fresh specimen. 


Clinical Features 

Constipation and vomiting are the commonest 
and earliest symptoms. Sooner or later they are 
accompanied by anorexia, fretfulness and _ loss of 
weight. The physical findings include wasting, de- 
hydration, hypotonia, palpable faecal masses in the 
abdomen, unexplained low fever and sighing. In 1] 
infants the urine was sterile on culture and con- 
tained no abnormality of the deposit. In six, white 
blood cells were present in excessive amounts, but in 
only two of these were organisms, believed to be 
pathogenic, cultured from catheter specimens. These 
observations, together with the patient’s sex and 
the age of onset of the disorder, are summarized 
in Table 1. The bones of six were radiographed and 
showed no rickets or other abnormality. Nephro- 
calcinosis was looked for in all but was demonstrated 
in only one case in this series. This infant failed to 
respond to alkali and died three days after starting 
that treatment. The renal calcification was demon- 
strated histologically. During the five-year period 
under review eight other children in hospital were 
diagnosed as having nephrocalcinosis, one by radio- 
graphy and seven at necropsy. None of these had 
clinical features suggestive of infantile renal acidosis 


Chemistry of the Blood, Chromatographic Analysis 
of the Urine and Haematology 
While the first cases to be recognized in the 
hospital were investigated fairly fully, familiarly 
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TABLE 1 
CLINICAL FINDINGS 





Symptoms in Order 
of Appearance 


Age in Months at 
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Blood and Urine Values Shortly before 


Signs Starting Treatment 
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Diagnosis and Treatment 
Cessation of Alkali 
Constipation 
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Anorexia 
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Urine Culture 
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with the disorder in later years appears to have 
resulted in fewer and less detailed biochemical 
studies. The results shown in Table 2 indicate that 
investigation was often incomplete. 

While seven had a raised blood urea level on 
admission, in six this fell to normal within a week 


TABLE 2 
BIOCHEMICAL RESULTS 





C Blood Urea (mg. %) Calcium (mg. %) 
ase — 
No. Before Under Before Under 
Treatment Treatment Review | Treatment Treatment 
30 25 
33 27 
32 31-8 
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of beginning treatment. Figures for serum calcium 
were high in five and with treatment with alkalis 
rapidly became normal in two. In two the investiga- 
tion was not repeated. Acidosis, hypercalcaemia 
and definite azotaemia were present together in the 
fifth case (No. 3); whereas acidosis was rapidly 
corrected with alkali the azotaemia persisted for 
10 months and hypercalcaemia for three and a half 
months. The urines from four patients were 
examined by Dr. H. Bickel by paper chromatography 
(Bickel and Hickmans, 1952) before treatment was 
begun and of these only one showed increased 
excretion of the amino-acids taurine, tyrosine, 
phenylalanine, cystine and lysine. Urinary chroma- 
tograms for sugar and amino-acids from these four 
patients while under treatment and from four others 
in this series, also under treatment, were normal for 
the age. 

Not all the children in this series were investigated 
haematologically but in nine, anaemia with haemo- 
globin values of from 50 to 70% (average 60% 
Haldane new standard) was found during the course 
of treatment with alkali (Table 3). In seven, the 
drop in haemoglobin is known to have occurred 
during such treatment and to have taken an average 
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TABLE 3 
HAEMATOLOGICAL RESULTS 





Values for Haemoglobin and Colour Index 





Age in Months when 


Duration of Treatment in 











Case : . Before Treatment with During Treatment with (Months before Occurrence Improvenient o 
— nr Ikali kali of Anaemia as Noted in Oral Iron 
gu Previous Column 
Hb(%) | C.I. Hb (%) Ci. 
2 11 100 a 65 0-83 4 Rapid 
(also_transfused) 
4 11 65 0-82 50 0-62 6 Rapid 
8 6 90 0-88 55 _ 5 Rapid 
9 6 — — 45 _ 4 None Given 
11 i 90 0:92 60 0-86 5 Rapid 
12 8 85 0-82 50 0-78 4} Rapid 
13 14 80 0-73 65 0-59 1} Rapid 
16 8 95 0-91 60 0-66 1} Slow 
17 9 — — 70 0:72 Ps Slow 
of nearly four months to develop. It is not features are well illustrated by Case 6 (Fig. 1). 


explained by relief of any dehydration that was 
present on admission. The average daily dose of 
sodium citrate given to children in this group was 
10 g. and the ages of the affected children ranged 
from 6 to 14 months at the beginning of treatment. 

The anaemia in four cases was moderately hypo- 
chromic as judged by the colour indices (average 
0-65), while in three the average colour index was 
0-82 and in two others red cell counts were not 
made. Eight, including one who was transfused, 
were treated with oral iron with rapid recovery in 
six and slow recovery in two. 


Treatment with Alkali 


In this series of 17 children, all but one (Case 
7) were treated with alkali given as a sodium 
citrate-citric acid mixture or as sodium citrate alone. 
Potassium salts were not used. In each child an 
attempt was made to find the dose which would 
maintain the plasma CO.-combining power at a 
level just above 45 vol. %. At the beginning of 
treatment this was usually achieved with a daily dose 
of 3 or 4 g. of alkali and was accompanied by relief 
of symptoms and gain in weight. This improvement 
was seldom maintained for long and after a few days 
or weeks symptoms returned, weight was lost and 
figures for CO.-combining power fell, often to the 
original level. When at this stage the dose of alkali 
was increased, improvement in symptoms and blood 
chemistry again followed and a number of such 
increases in dosage were usually necessary before a 
sustained satisfactory therapeutic response was 
achieved. In a minority each increase in dosage of 
alkali was followed by brief and mild diarrhoea and 
in one child (Case 6) by a small elevation of 
temperature. To attain both normal blood 
chemistry and relief of symptoms relatively large 
doses of alkali were usually required. Some of these 


Because the dosage of alkali was largely regulated 
by estimations of blood CO.-combining power and 
because specimens of blood for analysis were 
collected routinely at widely different hours of the 
day, the possibility of wide fluctuations in alkali 
reserve over a 24-hour period was considered and 
investigated. Two infants, each on eight-hourly 
alkali, had blood samples collected at hourly 
intervals for 10 hours. No significant fluctuation in 
CO.-combining power was demonstrated. The 
average daily dose was about 10 g. sodium citrate 
(range 3 to 20 g.) given in three or four divided doses. 
Once on the full dose appropriate to the particular 
child progress usually became fairly smooth, 
although in six the course showed marked fluctuation 
in terms of weight gain or loss and blood CO.-com- 
bining power levels. 

One difficulty experienced with six children in this 
series (Cases 3, 6, 8, 11, 12 and 17) was the 
development of alkalosis with apathy, anorexia, 
fever, diarrhoea and plasma CO,-combining power 
of 70 vol. % or over; this occurred in infants who 
previously had acidosis, when the daily dose of 
sodium citrate was increased by as little as 2 g. 
Return to the former dosage was usually followed 
promptly by reversion to the earlier mildly acidotic 
level. They have progressed satisfactorily on the 
smaller dose of alkali. 

Special methods of feeding were not employed in 
this group. One infant (Case 4) received on 
admission an intravenous infusion for dehydration. 
Another (Case 2) was transfused for anaemia. 
Many received courses of chemotherapy for intet- 
current infection. 


Follow-up of Treated Cases 


The 13 children no longer under treatment with 
alkali have been re-examined, their blood and urine 
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FIG. 1.—Case 6: Clinical and biochemical data during early months of treatment showing the effect of increasingly large doses of alkali. 


specimens analysed and their mothers re-inter- 
rogated. All have thrived. Height is now almost 
normal for the age and although as a group their 
Weights still tend to be below average, the dis- 
crepancy is much less than before treatment 
(Table 4). They show no evidence of increased 
Susceptibility to infection, appetite is normal, and 
although two remain constipated the others have 
daily bowel actions and pass soft stools. Their blood 
pressures are normal and radiologically there is no 
evidence of either rickets or nephrocalcinosis. 

The infant (Case 7) who received no alkali 
or other specific treatment and survived appears to 


have recovered normal renal function. We regard 
the disorder in this infant as having been 
mild. 

The blood chemistry, including values for 
CO.-combining power, chloride, non-protein nitro- 
gen, alkaline phosphatase, sodium, potassium and 
total protein, is normal in each. Their urines 
contain no albumin, are clear on microscopy with 
a pH below 6:0 in all but one (Case 4, pH 6:8). 
This child is also below average weight (89%) but 
shows no other abnormality. Chromatograms of 
the urine made by Dr. H. Bickel show the normal 
amino-acid patterns for the age in all, while in two 
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TABLE 4. 
FOLLOW-UP OF TREATED CASES 
Age in Months % of Expected | ie Review 
No O At Beginning of Befare (Monthe). Age in Time in Months % of % of 
. At Onset onths since Treatment Expected Ex 
Treatment Treatment Months alee sumer Weight Height 
1 4 11 11 3 68 54 93 
2 7 11 77 33 51 7 82 93 
3 3 6 54 24 45 15 100 97 
a yf 11 77 12 39 16 89 98 
5 3 7 76 9 35 19 117 104 
6 5 7 73 16 32 9 80 94 
7 7 . 74 nil 32 — 84 95 
8 43 6 78 20 31 5 87 93 
10 43 54 87 8} 7 13 91 96 
il 44 7 69 10 21 4 97 9 
12 6 8 77 8 22 6 93 94 
13 12 } 14 74 10 31 7 88 100 
14 | 94 11 75 8 28 9 93 100 
Average, 6 | 84 74 123 - so 92 97 





and the birth weights of those subsequently affected 
and their early post-natal progress showed no 
significant deviation from the normal. The family 
histories, methods of feeding employed, illnesses and 
‘medicines’ used before the apparent onset of renal 
acidosis are listed in Table 5. In view of Creery’s 
(1953) suggestion that the use of ‘magnesia’ or 


(Cases 10 and 14) traces of glucose, up to 15 mg. %, 
have been demonstrated. 


Possible Aetiological Nephrotoxic Factors 


The early histories of the children in this series 
were reviewed by further questioning the mothers 
of the 16 survivors. The antenatal histories, the 





administration of vitamins to the mother and child, 


TABLE 5 








similar alkali might be an aetiological factor in 
idiopathic hypercalcaemia, this was made the subject 
of special enquiry. The results are recorded in 
Table 6. Of the eight who received ‘magnesia’ 


RT hiek ties te eding ceased regularly, it seems to us probable that in three at 
— . ig least (Cases 2, 4 and 6) the disordered renal 
1-2 months . * function was present and causing symptoms before 
2: = the preparation was first used. The figures for 
os fa raza en blood calcium and urea levels do not appear to bear 
Liquid milk (cow) <a ak oe any relationship to the giving of ‘magnesia’. 
ee eee See sane... as One infant (Case 3) in this series differed from 
rary ofl beet: ; — the others enough to warrant special mention. 
Mixed feeding ee Azotaemia and hypercalcaemia accompanied the 
— —* acidosis. Urine specimens contained a light cloud 
rage of esse fi oo 1 case of albumin, an excess of white blood cells, and on 
Scoop 15 cases culture a pure growth of B. proteus was obtained. 
‘Teaspoon I case The urinary infection cleared on treatment with 
SS of Renal Acidosis —— streptomycin but when acidosis persisted treatment 
Sore buttocks e eo with sodium citrate was started. Only 3 g. daily was 
— ane required to maintain the blood CO,-combining 
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Gastro-enteritis, ‘cough’ and urinary infection 





Medicines Given before Onset of Renal Acidosis 





power at a level above 45 vol. %; larger doses 
produced alkalosis. Alkali was given for 24 months 
and during this time he made gradual but satis 


Milk of magnesia 8 cases a 
Ung. Z.A.C. .. - wf factory progress. However, blood urea values did 
Teething powders a a hile 
Sulphonamides .. ibe: not become normal until after 10 months, = 
Grey powders .. > x ; j ef 
es naa: ote ae normal calcium levels were not recorded until alt 
Glycerine and borax ~ o three and a half months of treatment. When 
entian violet an vaseline e es . 
consti reviewed 12 months after stopping treatment this 
Family History i ini rine 
Similar or more serious illness in infancy .. None child appeared well clinically. Blood and u 





specimens showed no biochemical abnormality. 
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TABLE 6. 


ADMINISTRATION OF ‘MAGNESIA’ 





a 














Age of Onset | Age in Months | . . Blood Chemistry on Admission 
of Disease SE Te | eason for 
Case No.| (Months) Magnesia Given | Dosage Administration | Serum Calcium Blood Urea 
From | To | (mg. %) (mg. %) 
7 | Cases with no magnesia administration 
1 4 = | — 11-5 86 
3 3 | — —_ 16-5 68 
14-0 
7 7 — — — _— _— 48 
16 6 _ _ one one 11-2 54 
Cases receiving occasional or sporadic administration 
5 3 a — Occasional dose only None given 10-0 35 
8 44 1 5 4 teaspoon occasionally Constipation 12-6 22 
11 44 _ — Occasional dose only Wind _ 34 
17 7 _- _ Occasional dose only None given os 39 
Cases receiving regular administration: 
In moderate dosage | 
2 7 5 8 | 3 teaspoons per week Constipation 11-1 60 
4 7 64 8 | 2 em nm i 10-5 74 
6 5 4 7 4 teaspoon twice daily a 13-0 23 
9 5 3 5 | 4 teaspoon twice weekly Wind | 10-0 26 
10 4} 1 > 1 teaspoon daily Constipation + 42 
1 . 
14 93 a CO 10 1 teaspoon daily Wind — —- 
In heavy dosage 
12 6 3 7 1 teaspoon five times daily Wind 12-7 40 
13 12 1 11 1 teaspoon three times daily | i =e 24 
Discussion 


The underlying defect in this disorder, namely 
inability of the kidneys to conserve bicarbonate, is 
reflected in the acidotic state of the blood and the 
passage of urine of high, or relatively high, pH. 
In the group of cases here described the diagnostic 
criteria have been the passage of urine specimens 
with a pH consistently 6-5 or above and a plasma 
CO.-combining power of less than 40 vol. %. 
Doxiadis (1952) has recently suggested that the 
diagnosis of infantile renal acidosis should be based 
not so much on absolute values for blood and urine 
as on the discrepancy between the figures for these 
two fluids. We believe that the criteria for diagnosis 
in the series described here has excluded all doubtful 
cases and it is probable that most of those included 
represent relatively severe examples of the disorder. 

This review of 17 infants has confirmed the earlier 
clinical descriptions of the disorder. Nephro- 
calcinosis was observed in only one case in this 
series. This child died early in treatment. It was 
not demonstrated in any others, either during the 
course of their illness, or when reviewed later. 
These observations support the general opinion that 
with adequate and early treatment of infantile renal 
acidosis the development of nephrocalcinosis is 
probably prevented. 

Review of the blood electrolytes (Table 2) in this 
seri¢s lends some support to the suggestion made by 
Lightwood and Stapleton (1953) that infantile renal 
acidosis and infantile hypercalcaemia are related 


conditions. If that is so then it is possible to 
visualize within this group of cases differing patterns 
of blood chemistry in which, from case to case, the 
emphasis is shifted between acidosis, hypercalcaemia, 
azotaemia or other abnormality. 

Latner and Burnard (1950) have brought forward 
evidence which suggests that in infantile renal 
acidosis the disordered function is largely that of the 
proximal tubule. We have considered a possible 
relationship with Lignac-Fanconi’s disease, a con- 
dition in which persistent acidosis may be associated 
with the passage of neutral or alkaline urine and one 
in which the proximal tubule is also considered to be 
disordered. Both diseases have many clinical 
features in common, but in Lignac-Fanconi’s disease 
two important findings are the heavy urinary excre- 
tion of glucose and of about 20 amino-acids, 
especially in the untreated acute infantile variety of 
the disorder (Bickel, Smallwood, Smellie and Hick- 
mans, 1952). The present study of infantile renal 
acidosis included examination of the urine by paper 
chromatography for evidence of amino-aciduria and 
glycosuria. These examinations were carried out 
on 14 untreated patients, four of them in the present 
series, on eight cases while under treatment with 
alkali and on 13 followed up after treatment had 
been discontinued. In the single deviation from the 
normal, the pattern of amino-aciduria was sugges- 
tive of liver disease and not at all typical of Lignac- 
Fanconi disease. The trace of sugar demonstrated 
by paper chromatography in the urines of two 
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children who had ceased treatment are findings noted 
occasionally in healthy infants. It may be con- 
cluded that amino-aciduria and glycosuria are not 
features of infantile renal acidosis and that they are 
important in differentiating the disorder from 
untreated Lignac-Fanconi disease. 

In the series described here the long-term results 
of treatment with alkali in doses sufficient to achieve 
and maintain normal blood chemistry do not appear 
any better than those reported by Doxiadis who used 
smaller doses aimed only at giving symptomatic 
relief. Mention has already been made of the 
occurrence of alkalosis in some of the infants in our 
series. These developments, although none of them 
fatal, and the knowledge that impaired renal function 
accompanies alkalosis, suggest that it is probably 
better to treat with moderate doses of alkali and 
achieve gradual relief of symptoms rather than to 
attempt early and complete biochemical control 
with larger doses. The patients did not receive any 
supplement of potassium. 

Azotaemia, noted in seven cases at the first 
examination, was relieved so rapidly in six that its 
origin in dehydration appears probable. 

While the beneficial, probably life-saving, effects 
of alkali therapy are now well known, little has been 
published about remote prognosis and the child’s 
development after treatment has been discontinued. 
Doxiadis in 1952 mentioned two previously pub- 
lished cases of infantile renal acidosis which appeared 
to have gone on to complete recovery; one reported 
by Kelsey, Reinhart and Fishel (1950) the other 
originally reported by Stapleton (1949) and re- 
viewed by Doxiadis three years after treatment 
ceased. To these Doxiadis added a further seven 
followed up for from 10 to 21 months after alkali 
therapy had been discontinued; all were apparently 
well. 

The present review includes infants in whom the 
interval between stopping treatment and review 
varied from four months to four and a half years. 
They now appear well and show no biochemical 
abnormality. Physical development has been satis- 
factory although the average weight for the group 
is still below the normal average. These observa- 
tions confirm the suggestion that the condition is a 
self-limiting process and that recovery, probably 
complete, is likely to follow if these infants can be 
tided over the phase of disordered renal function. 

The finding of anaemia in association with 
infantile renal acidosis does not appear to have been 
noted in previous reports. It is regretted that the 
haematological examinations made in this series of 
cases are so few and incomplete. The available data 
indicate that anaemia often develops after some 
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months of treatment with alkali, that it is not dye 
to relief of dehydration, that it is often hypochromic 
and that it is relieved, usually quite rapidly, by 
treatment with iron. Anaemia seems to haye 
developed particularly in those who received large 
doses of alkali and, since alkalinization of the upper 
alimentary tract is known to restrict the absorption 
of iron (Kellogg and Mettier, 1936; Mettier and 
Minot, 1931), this may be a causal factor in oy 
cases. Other aetiological factors are the rapid 
growth under treatment of a previously marasmic 
anorexic infant and the blood loss resulting from 
repeated venepunctures. We have considered the 
effect of repeated venepunctures in terms of haemo- 
globin loss for the analyses made in the biochemical 
control of this group. As there is no record of the 
amounts of blood taken each time, we have estimated 
the minimum amounts used in carrying out the 
various tests made, regardless of all wastage, during 
the treatment period up to the time of the develop- 
ment of anaemia. The calculated loss of blood 
from this cause is equivalent to an average fall in 
haemoglobin percentage of 5-5 (range 1-5 to 10:5), 
Assuming that the quantity of blood taken from 
these infants has probably been at least half as 
much again as the minimum calculated values, then 
in most instances the anaemia can be explained 
theoretically by this blood loss and the increased 
weight and blood volumes in the absence of adequate 
absorption of iron. However, not all the anaemia 
noted in this series was significantly hypochromic. 
Infections were common in the group and may have 
accounted for some of the anaemia. The subject 
seems to warrant more detailed study. Whatever 
the cause it appears important that the possibility of 
an anaemia developing during treatment should be 
appreciated. Its prevention and correction in 
patients with infantile renal acidosis may have added 
importance since anaemia is believed to cause 
impaired renal function (Bull, Joekes and Lowe, 
1949). 

The aetiology remains obscure. By many the 
disorder has been regarded as congenital (Greenspan, 
1949) and this view is supported by the finding of 
nephrocalcinosis in siblings (Engel, 1951) and renal 
acidosis in twins (Rendle-Short, 1953). No such 
familial incidence has been reported by others. A 
possible explanation of this occurrence among close 
relations, especially in early life, may be that they 
are exposed to similar environmental hazards. 
Payne (1953) has suggested that the error lies in the 
differing rates of maturation of the glomerular and 
tubular functions in the kidney of the young infant. 
The fact that these children appear perfectly well 
for the first few months of life and that they seem 
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io make a complete recovery if tided over the active 
sage of the disorder appears to support the theory 
of an acquired lesion. A number of previously 
reported cases as well as many of our own have 
shown traces of albumin and an excess of white cells 
in the urine with negative cultures. These findings 
suggest the possibility of a toxic or degenerative 
renal lesion. Among the patients reported here and 
elewhere in the literature with but one exception 
(Case No. 2, Butler ef al.) none have been fully 
breast fed at the time of onset of the disorder and 
most were artificially fed after the first two or three 
weeks of life. This suggestea to us the possibility 
that some ingredient of the artificial feed might be 
responsible, or alternatively that such things as 
gripe-water, laxatives, or sedatives given to bottle-fed 
babies because of their greater predisposition to 
gastro-intestinal upsets were in some obscure way 
‘nephrotoxic’. 

Our quest for possible extrinsic causal factors, 
the results of which are summarized in the text and 
in Tables 5 and 6, does not appear to have yielded 
There was no tendency 
for figures for blood urea and calcium to be higher 
in those who had been given the alkali ‘magnesia’ 
at home. Moreover, from Table 2 it can be seen 
that where those values were abnormally high 
initially, they usually fell to normal on citrate 
therapy, and remained normal despite heavy and 
prolonged dosage with that alkali. In this series of 
cases of infantile renal acidosis, therefore, we have 
found no evidence that previous medication with 
‘magnesia’ or other preparation is aetiologically 
related, nor did heavy dosage with citrate result in 
demonstrable impairment of renal function, either 
during treatment or many months after such treat- 
ment had been discontinued. 


Summary 


Seventeen children with idiopathic infantile renal 
acidosis were diagnosed in the Children’s Hospital, 
Birmingham, during the five-year period 1948 to 
1953. The clinical features they presented were in 
accordance with those previously described. 

Alkali in high dosage was used in their treatment 
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but did not give any better results than have been 
reported with more moderate dosage. Anaemia, 
which was often hypochromic, developed under 
treatment with alkali in some. Its possible aetiology 
is discussed. 

Biochemical studies suggest that idiopathic infan- 
tile renal acidosis may at times be associated with 
azotaemia and hypercalcaemia. Aminoaciduria was 
recorded in only one case. 

The follow-up of 13 children whose treatment 
had been discontinued for periods of from four 
months to four and a half years suggests that 
among survivors the disorder leaves no serious ill 
effect. 

A search for extrinsic factors that might cause 
or precipitate the disease was unfruitful. Prolonged 
medication with milk of magnesia could not be 
incriminated. 


It is a pleasure to record our appreciation of the help 
given to us in this work. We are indebted to the 
physicians of the Birmingham Children’s Hospital for 
permission to study and record their cases, to the nursing 
staff of the hospital for their invaluable assistance, to 
Dr. H. Baar for reports on nephrocalcinosis, to Dr. 
R. Astley for the radiological data, to Dr. H. Bickel for 
the work on paper chromatography, to Miss E. M. 
Hickmans for other biochemical data, to Mr. J. G. 
Williamson for the figures and to Miss J. A. Brennan and 
Miss M. A. Hollyhoke for secretarial assistance. 
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EPIDERMOLYSIS BULLOSA 


BY 


W. H. McDANIEL 
From the Royal Belfast Hospital for Sick Children 


(RECEIVED FOR PUBLICATION FEBRUARY 26, 1954) 


Epidermolysis bullosa is a disease in which bullous 
skin lesions appear spontaneously or in response to 
mild trauma. The condition is seen in varying 
degrees of severity but, in all its forms, it is an 
incapacitating disease. Those suffering from the 
milder manifestations find any form of manual work 
difficult because of the painful bullae, produced by 
slight injuries, and children who are severely affected 
may not reach adult life. The condition is, fortu- 
nately, uncommon. Greenberg (1944) saw five cases 
of epidermolysis bullosa among 2,281 skin lesions, 
an incidence of 0:2%. Of 58,200 dermatoses seen 
at various skin out-patient clinics in hospitals in 
Northern Ireland during the past five years seven 
were examples of epidermolysis bullosa. 

The following family is presented because of the 
extreme severity of the manifestations. 


Case Histories 


Henry M., the father of this family (Fig. 1), is one of 
six siblings, all of whom are normal; there is no history 
of bullous skin disease either in his parents or in his four 
parental aunts. His wife is unaffected; she is one of 
eight siblings, all normal, and there is no history of 
the condition in any of her 14 aunts and uncles. It was 
also ascertained that Henry M’s grandparents and all 
his grandfather’s family were normal. No _ blood 
relationship between Henry M. and his wife could. be 
traced. 

The child of the first pregnancy was severely affected 
at birth and feeding was difficult because of lesions in 
the mouth and on the lips. Bullae spread rapidly to 
involve almost the entire body surface; these became 
infected and the child died on the thirteenth day. 

The second and third pregnancies ended in mis- 
carriages. 

Harry, born in May, 1942, the child of the fourth 
pregnancy, showed bullae in the mouth and on the 
fingers at birth, and bullae continued to appear after 
slight trauma on various parts of his body. His mother 
believed that occasionally some lesions appeared 
spontaneously. The hands showed uncomplicated but 
extensive bulla formation until about the age of 3 years. 
His father states thai about this time, on an occasion 
when the child stumbled, his hands were grasped to 
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prevent him falling, and the skin peeled off the hands 
and fingers ‘like a glove’. On healing, the hands 
presented the appearance seen in Fig. 2. The digits of 
both hands were completely flexed and enclosed in a 





Fic. 2.—Gross dystrophic changes of the hands. 


tight envelope. 
envelope. 
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Fic. 3 —Dystrophic changes of the feet with fusion of toes. Condi- 
tion before operation. 


thin, semi-transparent, mitten-like membrane; very slight 
movements of the fingers were still possible. The toes 
were fused in a similar position of flexion (Fig. 3). There 
were scattered scars elsewhere on the body. The right 
cornea showed slight scarring. The hair was normal, 
but at the age of 6 all the nails (present at birth) had 
been lost and the teeth were grossly carious. There 
were bullae and ulcers in the mouth. The skin showed 
no dermographism. There was excessive sweating of the 
forehead. The child was fretful and difficult, and 
suffered considerably from pain, especially when the 
ulcerated areas were being dressed. Estimation of his 
level of intelligence was difficult as little attempt had 
been made to educate the child and, of course, he was 
unable to use his hands and fingers; it was thought, 
however, that he was at least of average ability. 


SR ae si 


Fic. 4.—Gross dystrophic changes in the hands and feet. Gross 
‘atring of hands, feet and knees. Many fresh bullae on various 
parts. 


Tests for urinary porphyrins in August, 1949, and 
May, 1950, by Waldenstrém’s test were negative, as were 
serological tests for syphilis. Blood counts showed only 
a moderate iron-deficiency anaemia. 

In 1949, when the child was 7 (Fig. 4), a surgical 
attempt was made to free the fingers and toes from their 
confining membranes. First the toes were dissected 
apart and each dressed separately with paraffin-gauze; 
these healed satisfactorily but some fusion recurred in 
the depths of the web spaces. Some weeks later the 
hands were operated on, one at a time. The enclosing 
epidermal envelopes were stripped off; the digits were 
loosely adherent to one another and to the palm. They 
were separated by blunt dissection and each one dressed 
with paraffin-gauze. In spite of efforts made to maintain 


Fic. 5.—The thin, but otherwise normal, epidermis of the foot has 

become separated from the dermis. The latter shows an excess of 

mucoid connective tissue and absence of skin appendages in this 
particular section. 


extension it was necessary, later, to do some further 
dissection to correct flexion deformities and to open up 
web spaces which tended to close. Skin grafting was not 
attempted. After some weeks the digits became indi- 
vidually enclosed in newly formed epidermis (presumably 
from islands of basal cell layer left behind after the 
‘envelope’ had been removed). Histological examination 
of the membrane showed it to consist of rather thin but 
otherwise normally formed epidermis without any 
dermal adnexae (Figs. 5 and 6). These findings and the 
results of operation are very similar to those reported 
by Kitlowski and Banfield (1948) in a similar type of 
case. Unfortunately, over the next two years, the fingers, 
as a result of fresh bullae, gradually resumed their former 
condition of flexion and fusion. 
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Harry died of pneumonia in 1952. 

The fifth and sixth pregnancies ended in miscarriages. 

Tony (Fig. 7), the result of the seventh pregnancy, was 
born in August, 1945. This child was, apparently, not 
so severely affected at birth as Harry, but at the time of 
writing his hands present much the same picture as did 
those of his elder brother. His finger nails are missing, 
or small and dystrophic; the hair is normal; his eyes, 
apart from a convergent squint, show no abnormality. 
There is no dermographism and no hyperhidrosis. He 
has, in general, been more easily managed than was 
Harry. 

Anne, born in June, 1947, is perfectly normal. 

Geraldine (Fig. 8) was born in February, 1949. At 
birth she had blood-filled bullae around the mouth and 
on the fingers and toes; at this time the nails were quite 


is 


Fic. 7.-—Dystrophic changes in the hands and feet, early fusion of 
toes, loss of nails. 


otherwise normal children and manifested as bullae 
which arise mainly on the extremities in response to 
trauma, and which heal rapidly leaving thin scars. 
(2) Epidermolysis bullosa dystrophica, of which 
there are two forms, (a), that which is transmitted 
as a dominant trait (and which has been called by 
Touraine (1942) epidermolyse bulleuse _hyper- 


Fic. 6.—An attempt to demonstrate the absence of elastic tissue in 

the upper half of the dermis. The lower right hand corner of the 

photograph is representative of the lower half of the dermis. Here 
the elastic tissue stains normally. (Weigert’s elastic tissue stain.) 


normal. Hair and eyes are normal. This child appears 
to be less severly affected than her brothers but, at the 
time of writing, her hands are beginning to show the 
usual picture of flexion and fusion of the fingers within 
a confining envelope. 

A girl, born in March, 195], is quite normal. 


Discussion 


There is general agreement that epidermolysis 
bullosa is a hereditary condition, and Cockayne 
(1933) has classified the condition into three groups: 
(1) Epidermolysis bullosa simplex, transmitted as a a 6A ma 4 
dominant trait, appearing in infancy or childhood in Fic. 8.-—Geraldine M. with fresh bullous lesions on limbs and face. 
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plasique), and (b), that which is transmitted as a 
recessive trait (Touraine’s epidermolyse bulleuse 
polydysplasique). 

The dominant dystrophic form appears at birth 
or soon afterwards in children who are otherwise 
normally developed, physically and mentally. Skin 
lesions usually heal with little scarring but lesions of 
the buccal mucosa may lead eventually to a leuko- 
plakia-like atrophy. 

The recessive dystrophic form is the most severe 
type of the disease; patients suffering from this are 
under-developed and below average in intelligence; 
the bullae are often large, filled with blood-stained 
fluid and are usually present at birth. On healing, 
keloidal scars and contractions may occur. Mucosal 
lesions are common and there are frequently 
associated congenital defects of teeth, nails and hair; 
there may be a general deficiency of body fat. Many 
of these children die in infancy and it is rare for any 
to reach adult life. The cases described here appear 
to fall into this group. 


Aetiology. Several theories have been put for- 
ward to explain the aetiology of the condition, but 
none is entirely satisfactory. 

Elliot (1895) suggested a sudden excessive exuda- 
tion of fluid into the skin due to ‘irritability of the 
cutaneous vascular system’. Wende (1904) thought 
that there was some fault in development of the 
rete cells and a lack of proper trophic innervation 
of the skin. More recently Winer and Orman 
(1945) have shown that the appearance of bullae, 
ina case of epidermolysis bullosa affecting the feet 
only, could be prevented by supportive elastic 
bandages; they suggested that there was an inherent 
defect in the vessel wall. Some cases have been 
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described in which there was elevation of urinary 
porphyrins (Turner and Obermayer, 1938). Engman 
and Mook (1906) showed an absence of elastic 
fibres in the papillary and sub-papillary layers of the 
dermis. Later Kanoky and Sutton (1910) demon- 
strated this same deficiency in traumatized and 
undamaged skin. Ormsby and Montgomery (1943), 
however, express the view that ‘it is difficult, patho- 
logically, to conceive that the disease results from 
faulty development of elastic tissue’. Biopsy 
specimens, taken at operation from the feet of 
Henry M., show this absence of elastic tissue in the 


superficial layers of the dermis (Fig. 6). 


Summary 


A family, showing the features of severe recessive 
dystrophic epidermolysis bullosa, is described. 
Four out of the total of six children were affected. 
One died within two weeks of birth and another 
has died at the age of 10 years. 


I should like to thank Dr. Ivan H. McCaw and Dr. 
J. Martin Beare for their assistance and encouragement 
in the preparation of this paper. 
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ISONIAZID IN THE TREATMENT OF MILIARY 
TUBERCULOSIS IN CHILDREN 


BY 


W. P. SWEETNAM and E. F. MURPHY 
From the Huddersfield and Halifax Hospital Groups 


(RECEIVED FOR PUBLICATION FEBRUARY 11, 1954) 


The treatment of miliary tuberculosis in children 
by a long course of streptomycin injections raises 
obvious difficulties. The possibility of treating the 
disease successfully with a drug which is readily 
taken by mouth must be considered a big advance. 
This paper reports the results of the treatment of 
four children with miliary tuberculosis. All received 
isoniazid alone in a dosage of 10 mg. per kg. of 
expected weight in 24 hours. The cases were 
unselected consecutive admissions. Treatment was 
continued for a year. 


Case Reports 


Case 1. A girl aged 4 was admitted with a month’s 
history of anorexia and cough. Her weight was then 
28 lb. There was marked wasting. The spleen was 


Fic. 1.—Miliary mottling throughout lungs; right pleural effusion. 


palpable and there were many moist sounds over both 
lung fields and signs of fluid over the right base. A 
radiograph (Fig. 1) showed generalized miliary mottling 
of the lung fields with a right pleural effusion. The 
Mantoux reaction was strongly positive, tubercle bacilli 
were recovered from gastric washings, and a diagnostic 
paracentesis revealed a typical tuberculous pleural 
effusion. The mother was found to have active pul- 
monary tuberculosis. Examination of the cerebrospinal 
fluid revealed no abnormality. 

The child improved clinically within a few days of 
the start of treatment. At the end of a week she was 
eating well and had gained $ 1b. During the next month 
she continued to gain weight at the rate of nearly a pound 
a week; after six months she had gained 14 Ib. in weight. 
Treatment was discontinued at the end of a year by 
which time she weighed 42 Ib. She continued to gain 
and now (17 months after admission) weighs 44 Ib. and 
appears in all respects a normal child. 

Radiological improvement became obvious after eight 
weeks’ treatment (Fig. 2) and progressed steadily. The 
miliary mottling had disappeared after six months. On 
the cessation of treatment 12 months after admission 
the lung fields were clear save for a small area of collapse 
at the right base (Fig. 3). 


Case2. A girl aged 5 was admitted with a three weeks’ 
history of increasing listlessness. She had had severe 
headaches on and off for the previous week and had 
vomited on several occasions. 

On examination she was pyrexial and apathetic. Her 
weight was 37 lb. A choroidal tubercle was seen in one 
fundus. Examination of the cerebrospinal fluid showed 
250 cells (90% lymphocytes) 160 mg. protein and 30 mg. 
of sugar. The Mantoux test was strongly positive. A 
radiograph showed fine miliary mottling. Tubercle 
bacilli were recovered from gastric washings. The 
child’s mother was discovered to have pulmonary 
tuberculosis. . 

Clinical progress was rapid, the pyrexia subsided in 
two days, her appetite returned quickly and she begat 
to gain weight at the rate of 4 Ib. a week. Improvemetl 
in the x-ray picture occurred after six weeks’ treatment 
and the C.S.F. became normal after 20 weeks, by which 
time she was running happily around the ward. When 
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MILIARY TUBERCULOSIS TREATED WITH ISONIAZID 


Fic. 2.—After eight weeks, there is some clearing of the lung fields, 
absorption of the pleural effusion, and consolidation of the right 
middle lobe (Case 1). 


Fic. 4.—Miliary mottling throughout the lungs (Case 3). 


Fic. 3.—After 12 months’ treatment the lung fields are clear save for 
a small area of collapse at the right base (Case 1). 


Fic. 5.—After 12 weeks’ treatment miliary mottling is less pro- 
nounced (Case 3). 
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Fic. 6.—After 12 months’ treatment the lung fields are clear. 
(Case 3). 


Fic. 8.—After six weeks’ treatment the miliary. mottling is less 
pronounced with consolidation of the right upper lobe (Case 4). 


treatment was discontinued at the end of 12 months, she 
weighed 47 |b., and a radiograph of the lungs was clear. 
She continued to gain weight and now 15 months. after 
admission. weighs 503 Ib. 


Case 3. A boy aged 9 was admitted with a fortnight’s 
history of anorexia, loss of weight, and intermittent 


Fic. 7.—Miliary mottling throughout the lungs (Case 4). 


Fic. 9.—Lung fields are clear (Case 4). 


abdominal pain. Except for some wasting there wert 
no abnormal physical signs. His weight was 48 |b. 
The Mantoux reaction was strongly positive. A radio- 
graph of the chest (Fig.. 4) showed typical miliary 
mottling. Tubercle bacilli were recovered from the 
gastric washings. The C.S.F. findings were normal 
The boy’s father was known to have pulmonary tuber- 
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culosis. Appetite returned slowly, he continued to have 
some abdominal pain and occasional vomiting for 
\0 days, after which he began to gain weight rapidly. 
six months after admission he had gained 14 Ib. in 
weight. Shortly afterwards he suddenly complained of 
severe abdominal pain and vomited copiously and signs 
of obstruction of the small intestine became apparent. 
Laparotomy revealed a tuberculous stricture of the ileum, 
2 ft. from the caecum. This was relieved by a lateral 
anastomosis, and the boy made a rapid recovery. 
Treatment was discontinued after 12 months. He then 
weighed 68 Ib. and was back at school. He continued to 
gain weight and two months later weighed 70 Ib. 

Radiological improvement was slow, the first signs of 
clearing occurring after three months of treatment 
(Fig. 5). A radiograph taken at the cessation of treat- 
ment (Fig. 6) showed no abnormality. 


Case 4. A boy aged 2 had measles six weeks before 
admission. His cough had persisted and he failed to 
pick up. On examination he was found to be a miser- 
able, flabby child, weighing 23 lb. There were many 
moist sounds over both lung fields, and the spleen was 
enlarged. He had an extensive papular erythema which 
gave the appearance of a papular tuberculide. The 
Mantoux reaction was strongly positive and a radiograph 
showed a typical miliary mottling of the lung fields 
(Fig. 7). Tubercle bacilli were recovered from gastric 
washings. The father was found to have pulmonary 
tuberculosis. The C.S.F. findings were normal. 

The response to treatment was good at first and his 
rash gradually disappeared. After six weeks’ treatment 
he weighed 243 lb. His cough then became troublesome 
again; he developed signs of consolidation in the right 
upper lobe and his weight remained stationary. A 
radiograph taken at this time (Fig. 8) showed consolida- 
tion of the right upper lobe, the generalized miliary 
mottling being less marked. The C.S.F. examination 
was again normal. A further sustained improvement 
then took place. The child is now clinically well, and 
after 12 months’ treatment weighs 30 Ib., the lung fields 
being radiologically clear (Fig. 9). 


Discussion 


Miliary tuberculosis provides an ideal situation 
for assessing an antibacterial drug. The disease 
untreated is almost uniformly fatal, and the inter- 
pretation of the radiological progress is not com- 
plicated by the presence of large areas of necrotic 


lung tissue. Clinical improvement occurred in all 
four cases within a few days of the start of treatment. 
Radiological clearing of the lung fields was slow; 
Improvement became obvious after about six to 
12 weeks’ treatment and progressed steadily; all had 
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a normal radiological appearance after a year. The 
clinical and radiological findings support the histo- 
logical evidence of Ritchie, Taylor and Dick (1953) 
that the lesions of miliary tuberculosis undergo 
resolution during treatment with isoniazid and do 
not become fibrosed or calcified as often happens 
with streptomycin. A constant feature was the rapid 
return of the appetite which, in some cases, became 
voracious. This feature was so striking as to suggest 
that isoniazid may have some specific effect on the 
appetite. Appetite and weight gain continued, 
however, after the cessation of treatment. 

The Medical Research Council (1953) found that 
a third of all patients treated with isoniazid alone 
developed resistant variants within three months, 
and have recommended that isoniazid should not be 
used by itself in the treatment of pulmonary tuber- 
culosis. This recommendation is based on the use 
of the drug in chronic ‘open’ pulmonary tuber- 
culosis. In miliary tuberculosis, the lesions are 
acute, ‘closed’, usually minute, and should provide 
no great barrier to the action of the drug or the 
promotion of healing. The development of drug- 
resistant variants and their dissemination is therefore 
unlikely. 

The treatment of miliary tuberculosis, in children 
especially, by a long course of injections is unpleasant 
for all concerned. Isoniazid (in the form of syrup) 
is in contrast readily taken by children. This ease of 
administration probably more than compensates for 
the risk of drug resistance which, in the case of 
miliary tuberculosis is, at present, largely theoretical. 


Summary 


Four children with miliary tuberculosis have been 
treated with isoniazid alone on a dosage of 10 mg. 
per kg. daily for a year. One case was complicated 
by tuberculous meningitis, and another by tuber- 
culous enteritis. Clinical improvement was rapid 
and all remained well after treatment was stopped. 
Radiological improvement was slow but progressed 
steadily, the lung fields being clear after 12 months’ 
treatment. No toxic effects were observed. 


Our thanks are due to Dr.R.I. Lewis and Dr. W. Niven, 
consultant radiologists, and the children’s nursing staff 
of the Huddersfield and Halifax Hospital Group. 
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THE PROGNOSTIC SIGNIFICANCE OF NEONATAL 
CONVULSIONS 


BY 


JOYCE B. BURKE 
From the Children’s Hospital, Sheffield 


(RECEIVED FOR PUBLICATION MARCH 19, 1954) 


‘The baby met with an unpleasant reception—a 
sound beating. He had entered the world without 
crying, nearly suffocated by the protracted delivery, 
so the midwife held him face downwards for some 
seconds and slapped him until he did cry. For on 
entering into this world one must cry.’ 

Luigi Pirandello (translated by A. and H. Mayne). 


There are many causes of convulsions during the 
first few days of life. These include intracranial 
damage, anoxia, congenital malformations, tetany 
and infections. It is not always possible to deter- 
mine the aetiology at the time in any particular case, 
but the prognosis is of great importance to all con- 
cerned. With this in view, the case histories of all 


infants recorded as having convulsions or muscular 
twitchings in the Jessop Hospital, Sheffield, over a 
five-year period have been studied. There were 46 
cases out of a total of 8,679 deliveries (0-2%): 
18 infants died during the first 13 days of life, 
28 were discharged from hospital, and 27 have been 
followed up. 

Table I shows relevant details of those infants who 
died. A post-mortem examination was made in 
16 cases. Cerebral haemorrhage accounted for death 
in nine (Nos. 1-9). Anoxia was the cause of death 
in four (Nos. 10-13) and was present in the two 
infants on whom no post-mortem examination was 


TABLE 1 
RELEVANT DETAILS OF DEAD INFANTS 





Case Weight 
No. | Parity Labour and Delivery 


~ 
o 
* 


Day of 


(Ib.) Condition at Birth Convulsion Death Post-mortem Findings 





1 Surgical induction at 38 
weeks for toxaemia 
Forceps, delayed second 

stage 
Normal 
Forceps, prolapsed cord 
Normal at 32 weeks 
Forceps 
Forceps 
Assisted breech 
Normal 
Normal 


— 


4 Severe 
Severe 


Severe 
Severe 
Good 

Severe 


CSCOmMAAUAwW N 
sa7SSS77" SF S 
SNUMcOmO hk! A \o 


— 


Good. 


asphyxia 1 2 Cerebral haemorrhage 


asphyxia 


asphyxia 
asphyxia 


asphyxia 

Mild asphyxia 

Severe asphyxia 

Severe asphyxia 

‘46 hours later 


Cerebral haemorrhage 


Cerebral haemorrhage 
Cerebral haemorrhage 
Cerebral haemorrhage 
Cerebral haemorrhage 
Cerebral haemorrhage 
Cerebral haemorrhage 
Cerebral haemorrhage 
Cerebral oedema 


DD eet et es ete es KD 
WANUNsAIN 


cessation of respira- 
tion, i 
and one major fit 

Precipitous delivery Severe asphyxia Cerebral oedema, atelec- 


Normal ; Good. 


toxaemia 


deep cyanosis 


tasis lower and middle 
lobes 


36 hours later Cerebral oedema, atelec- 
recurrent cyanotic at- tasis 
tacks and fits 

Caesarian at 28 weeks for Severe asphyxia Premature infant, atelec- 


tasis 


Caesarian for diabetes Good (replacement trans- 7 Cardiac failure, erythro- 
mellitus—previous Rh fusion at 6 hours) blastosis foetalis 


incompatibility 

Caesarian for dispropor- Good 
tion 

Forceps, delayed second Good, 


ing 


Bronchopneumonia 


17 hours later Left suprarenal haemor- 
stage cyanosed and twitch- rhage 


Precipitous labour Severe asphyxia No necropsy 
48 hours later No necropsy 
recurrent cyanotic at- 
tacks, fits and haema- 


Normal Good, 


temesis 
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death 
> two 
1 was 


atelec- 
middle 


atelec- 
atelec- 


rythro- 


) 


emor- 


made. 


infants. 


Table 2 summarizes the case histories and follow- 
up notes on the 28 survivors. From the evidence 


SIGNIFICANCE OF NEONATAL CONVULSIONS 


Six infants were under 5} lb. in weight. 
it will be noted that convulsions occurred during 
the first two days of life in all but one of these 
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presented, it will be seen that convulsions were 
associated with birth trauma or anoxia in 20 cases. 
In three infants (Nos. 33, 37, 38) delivery was normal 


and no cyanosis was noted at any time, and it was 


TABLE 2 
DETAILS OF SURVIVORS 


thus possible that the convulsions were a manifesta- 
tion of tetany. However, in order to confirm this 





Case Parity 
No. 


19 


Labour and Delivery 


Weight 
(Ib.) 


Condition at Birth and Subsequently 


Day of Onset 
of Convulsions 


Age and Con- 
dition at Time 
of Follow-up 





Forceps, delayed second stage 
Precipitous 


Normal, second stage 2} hr. 


Normal 


Normal at 34 wk. 


Normal 


Forceps for foetal distress 
Normal, occipito-posterior 


Forceps, obstructed labour 


Normal 


Precipitous 


Precipitous 

Forceps, breech 

Normal 

Normal, 31 wk. 

Breech 

Caesarian for placenta praevia 
Caesarian for obstructed labour 
Normal 

Normal 


Normal 


Forceps, delayed second stage 


Precipitous (? hr.) 


Normal 


Normal 


Normal 


Normal, mild toxaemia 


Forceps 


= % 


77 NEF ZF™ KEKE 


= 


7k 
74 
64 


Cyanosed at birth; restless with 
spasticity for 36 hrs., one major fit 

Cyanosis, head retraction, twitching 
R. side for 48 hrs. 

Asphyxia pallida, twitching face and 
L. arm 1 hr. later, satisfactory by 
36 hr. 

Immediate asphyxia, intermittent 
clonic fits R. side for 36 hr. 
Satisfactory at birth, recurrent cyano- 
sis and twitching 8 hr. later for 

48 hr. 

Restless, high-pitched cry and 
generalized twitching 3 hr. after 
birth; satisfactory by 3rd day 

Satisfactory at birth, recurrent twitch- 
ing of limbs from 3rd to 7th day 

Immediate asphyxia, recurrent twitch- 
ing for 48 hr. 

Satisfactory at birth, cyanotic attacks 
with twitching R. side 3rd to 
6th day 

Immediate severe asphyxia, 
generalized twitching on 3rd day 

Immediate mild asphyxia, 3rd to 7th 
day restless with generalized 
twitching 

Immediate asphyxia, major fit at 
3 hr. and again on 3rd day 

Immediate asphyxia, twitching R. 
side for 2 days 

Immediate asphyxia pallida, fits Sth 
and 6th days 

Satisfactory at birth, twitching R. leg 
3rd and 4th days 

Immediate asphyxia, head retraction 
and generalized twitching for 
24 hr. 

Immediate asphyxia, fits for 2 hr. 

Irritable and twitching for 24 hr. 

Satisfactory at birth, 2 major fits 4th 
day 

Satisfactory at birth, 2 major fits 5th 


ay 

Satisfactory at birth, fits 2nd to 7th 
days, C.S.F. heavily blood- 
stained 

Immediate asphyxia, irritable, spastic, 
bulging fontanelle 48 hr. after 
birth, C.S.F. heavily blood- 
stained, 1 R.-sided fit 

Immediate asphyxia, head retraction 
and spasticity for 5 days, several 
major fits 


Satisfactory at birth, major fits 4th 
to 7th days 


Satisfactory at birth, 2 severe cyanotic 
attacks 2nd day, major fit 3rd day 


Immediate mild asphyxia, 2 cyanotic 
attacks and one fit on 3rd day 
Immediate asphyxia, fits for 5 days 


Hydrocephalus and spina bifida, 
recurrent fits from 15th day 


2 
1 
1 


2} yr., normal 
6 m., normal 


6 m., normal 


2 yr., normal 


6 m., normal 
44 yr., normal 


3} yr., normal 
3 yr., normal 


4 yr., normal 


2 yr., normal 


4} yr., normal 


24 yr., normal 
24 yr., normal 
6 m., normal 
24 yr., normal 


4 yr., normal 


13 m., normal 
11 m., normal 
34 yr., normal 


24 yr., normal 


yr., normal 
(initial delay) 


4 yr., blind L. 
eye, otherwise 
normal 


2} yr., spastic 
quadriplegia, 
severe mental 
retardation 

24 yr., epilepsy 
and mental 
retardation 

a is severe 
mental re- 
tardation 

4 yr., mental 
retardation 

34 yr., severe 
mental re- 
tardation 

Not followed 
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diagnosis, serum calcium and phosphorus levels 
must be estimated, and this was not done in any of 
these cases. One infant was born with hydro- 


cephalus and spina bifida, and was not followed up. 


Follow-up Study 


Twenty-seven infants were followed up, and all 
were over 6 months of age when last seen. The 
mother was questioned as to the milestones of 
development described by Gesell (1947), and a full 
clinical examination was made. In infants under 
1 year of age special attention was paid to head 
control, general alertness and awareness of surround- 
ings, ability to use the hands, maturity of grasp, and 
progress in locomotion and speech. In older 
children enquiry was made into the child’s ability 
to carry out tasks such as feeding and dressing 
himself. During the interview he was encouraged 
to talk and name objects pointed out to him. 

Further details of those children showing sequelae, 
temporary or permanent, are given below: 


Case 39. Second pregnancy, normal delivery, birth 
weight 8 Ib. (first child died shortly after birth); 34 hours 
after birth, onset of cyanosis and twitching, followed by 
generalized convulsions. Cerebrospinal fluid heavily 
blood-stained ; subdural taps negative; bulging fontanelle, 
recurrent major convulsions and vomiting for seven days, 
with gradual improvement thereafter. 

At 9 weeks old, smiling for two weeks, and following 
with eyes. 

At 11 weeks, very poor head control in all positions. 

At 18 weeks, severe head lag. In prone position can 
only just lift head off couch. 

At 24 weeks, alert infant, interested in surroundings, 
laughing and cooing, very little head lag (general head 
level 3 months), kicks well. 

At 7 months, practically no head lag. 
objects from one hand to the other. 

At 8 months, sits alone without support. 

At 10 months, pulling herself up to standing position. 

At 13 months, walks alone. 

At 26 months, spoke sentences from 21 months. Dry 
by night and day from 16 months. Feeding herself and 
managing a cup by 16 months. Running about at speed. 

At 34 years, alert child. Answers questions sensibly. 
Head circumference 20-6 in. No clinical abnormality 
detected. 


Transfers 


Case 40. First pregnancy, surgical induction of 
labour with forceps delivery two days later, birth weight 
74 lb.; infant inhaled foul liquor at birth; febrile, spastic 
and irritable for six days; twitching of right side observed 
on third day; cerebrospinal fluid heavily blood-stained. 

At 4 months, developing normally. Left internal 
strabismus noted. 

At 11 months, thought to be blind in left eye. 

At 4 years, milestones normal. Active and intelligent 
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child, knows his letters. Blind in left eye—primary optic 
atrophy—no other abnormality. 


Case 41. Third pregnancy (first child, forceps 
delivery, died at 8 days with convulsions. second child 
normal). Duration of labour three-quarters of an hour. 
Precipitous delivery at home. Birth weight 6} Ib, 
Cyanosed and cold on arrival at hospital within an hour 
of birth. Three hours later one major convulsion, 
followed by head retraction and spasticity for five days, 
Further generalized convulsions on fifth day. Subdural 
taps negative. Cerebrospinal fluid not examined, 
Condition satisfactory at time of discharge from hospital 
on eleventh day. 

When examined at 24 years, it was stated that he had 
smiled at 9 months, he was fed entirely by spoon, was 
unable to chew solids, and was incontinent of urine and 
faeces. He had had no further convulsions. Weight was 
18 lb., head circumference 17 in. He had severe spastic 
quadriplegia, showed no interest in his surroundings and 
did not go for objects. He was unable to sit, even with 
support. He showed coarse ocular movements, right 
internal strabismus, and optic atrophy of the left eye. 


Case 42. First pregnancy. Normal labour and 
delivery. Birth weight 8} lb. Condition at birth satis- 
factory. Cephalhaematoma left parietal region. Recur- 
rent major convulsions fourth to seventh days. Subdural 
taps were negative, and the cerebrospinal fluid not 
examined. 

At 5 weeks, condition satisfactory. Cephalhaematoma 
still present. 

At 8 months, unable to sit alone or grasp objects. 
Takes no interest in surroundings, Said to be having 
three to four convulsions daily for past three months. 

At 16 months, crawls and stands without support. 
Chews biscuits. No words yet spoken. Several attacks 
of petit mal seen, and anticonvulsant therapy started. 

At 24 years, very restless—on the go all the time. 
Single words only. Unable to feed himself. Incontinent 
of urine. No major convulsion for a year, but occasional 
petit mal. On examination, extremely irritable and 
hyper-kinetic, almost unmanageable. No other clinical 
abnormality detected. 


Case 43. First pregnancy. Normal labour and 
delivery. Birth weight 6 lb. Condition at birth satis- 
factory. Two severe cyanotic attacks on second day and 
a major fit on third day. Subdural taps negative. 
Cerebrospinal fluid normal. Discharged home on 
twenty-sixth day. 

At 28 months, sat without help at 9 months. Unable 
to stand or creep. No words. Not feeding herself. No 
sphincter control. On examination, vacant expression, 
meaningless kicks, little interest in surroundings. No 
abnormality found in nervous system. Severe mental 
defect obviously present. 


Case 44. First pregnancy. Normal labour and 
delivery. Birth weight 7 lb. Mild asphyxia at birth. 
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Condition appeared satisfactory until third day, when 
infant had two cyanotic attacks and a left-sided convul- 
sion. He appeared normal the following day. 

At 9 months, making no attempt to sit or go for 
objects. No interest in food until 8 months old. On 
examination, marked head lag in all positions. 

At 9} months, onset of major convulsions, partially 
controlled by phenobarbitone. 

At 14 months, cannot sit alone or grasp objects. 

At 4 years, walked alone at 2 years. Says a few words. 
Does not feed or dress himself. On examination fit- 
looking child. Head circumference 19 in. Speech very 
sow. Able to point to objects named. No abnormality 
found in nervous system. Fairly severe mental defect 
present. 













































































Case 45. First pregnancy complicated by mild 
toxaemia. Normal delivery at 37 weeks. Birth weight 
4\b. Asphyxiated at birth. Marked rib recession for 
sx hours. Fever, cyanotic attacks, twitching and 
spasticity for five days. Discharged home on twenty- 
eighth day. 

At | year, going for objects with hand for one month. 
Chewing for two months. On examination, full head 
control. No abnormality found in the central nervous 
system. 

At 15 months, on examination unable to sit alone. 
Will not take weight on legs. No words. Obviously 
mentally retarded. 

At 3 years, walked alone at 22 months, now running 
about. Saying single words. Unable to point out objects 
in picture book. No abnormality found in central 
nervous system. 


















































































































Five children were severely mentally retarded 
(Nos. 41-45) and this was obvious by the age of a 
year in every case. Two of these children had had 
further convulsions. A sixth child was blind in the 
left eye and had primary optic atrophy. One child 
had spastic quadriplegia, apparently severe mental 
defect and probable blindness. Case 39 showed 
considerable delay in head control for 7 months; 
indeed, at 11 weeks an experienced observer thought 
that cerebral palsy with normal mentality might 
account for this. By the age of a year she was 
developing normally, and evidently fits into the 
category of so-called ‘slow starters’. 
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Discussion 

In this study convulsions (or muscular twitchings) 
occurring in the newborn period were associated 
with birth trauma, asphyxia or cyanotic attacks in 
35 cases out of a total of 48. The mortality rate 
from all causes was 38%. Craig (1950) followed up 
593 infants who showed evidence of intracranial 
irritation shortly after birth; 52 had some disability, 
and 38 of these were noted to have had muscular 
twitchings or convulsions during the first few days of 
life. Fleming and Morton (1930) in a review of 103 
cases of intracranial haemorrhage state that convul- 
sions were present in 51 patients and 17 of these died. 

It is clear from the present series that convulsions 
and muscular twitchings are of serious significance 
in the newborn period. The immediate prognosis 
should be guarded. If the infant survives the first 
few days of life the ultimate prognosis appears to be 
relatively good, but progress should be watched 
closely for at least a year to ensure that development 
is proceeding normally. It is impossible to predict 
whether there will be subsequent mental or physical 
defect from the severity or nature of the initial 
symptoms. 

Summary 

The purpose of this study was to determine the 
prognostic significance of neonatal convulsions. ° 

There were 48 cases in 8,679 deliveries (0-2 %). 

Eighteen infants (37-5%) died within a few days 
of birth. 

One infant was born with hydrocephalus and 
spina bifida. The remaining 27 infants were 
followed up: five were severely retarded mentally, 
spastic quadriplegia was present in one of these, 
and further convulsions had occurred in two; a 
sixth child was blind in the left eye. 

Convulsions were associated with birth trauma 
or anoxia in 35 cases (70%). 


I wish to thank Professor Illingworth, who suggested 
this investigation and gave much valuable advice, and 
Dr. T. Colver, for permission to use his cases. 
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PULMONARY ARTERY ANEURYSM IN A YOUNG CHILD 


BY 


D. M. G. BEASLEY, J. T. CHESTERMAN and C. C. HARVEY 
From the City General Hospital, Sheffield 


(RECEIVED FOR PUBLICATION MARCH 11, 1954) 


Fortune seldom provides that the onset of a rare 
and grave disease process can be recorded visually, 
as in this case of pulmonary artery aneurysm in an 
infant between the ages of 13 and 15 months. The 
study was carried to surgical exploration at 17 
months of age, with the child in respiratory and 
circulatory collapse. Our histological interpretation 
is based on the operation specimen of the left lung, 
as permission for necropsy was refused. It is thus 
impracticable to discuss certain findings which 
during life caused the gravest diagnostic anxiety, 
and may have prejudiced approach to the lesion, 
namely, splenomegaly, severe hypochromic anaemia 
and contralateral pleurisy. 

There have been two comprehensive reviews of the 
iiterature. First, Boyd and McGavack (1939) noted 
111 cases proven at necropsy; secondly, Deterling 


and Clagett (1947) added another 36 cases proven 
at necropsy, bringing the total of proven cases to 
147. A recent search through the literature reveals 


another handful recorded since then. Many pul- 
monary aneurysms doubtless occur unrecorded. 
About one-third of pulmonary aneurysms occur 
under the age of 30, and nearly half under the age 
of 40, with equal sex distribution. From Boyd and 
McGavack’s cases, 70% involved the trunk of the 
artery only, in some 15% the trunk plus one or both 


main branches, in 15% one or other main branch . 


only. A striking feature is the frequency with which 
congenital cardiovascular anomalies are found: 
Deterling and Clagett inculpate such anomalies in 
50% of cases, persistent ductus arteriosus and septal 
defects the most commonly. Lindert and Correll 
(1950) collect 29 cases (and add another of their own) 
of persistent ductus arteriosus with pulmonary 
artery aneurysm. The clinical picture may be that 
caused by any tumour in the chest, or may be over- 
shadowed by the associated cardiovascular anomaly 
if present. A sensation of suffocation or ‘‘fullness”’ 
is described, commonly attributed by the patient 
to mechanical pressure. Blood-stained sputum or 
frank haemoptysis may occur. Cough is present in 
80% of patients. Oedema is late and usually slight. 


There may be localized swelling or prominence of 
the chest wall with a palpable thrill. Israels (1951) 
considers the presence of a rough loud systolic 
murmur in the second or third interspace the out- 
standing feature on physical examination. Enlarge- 
ment of the right heart is nearly always present. 

The radiological findings are the most helpful in 
diagnosis. Deterling and Clagett describe the 
finding on screening of a more or less well defined 
pulsatile hilar mass distinct from the aortic shadow. 
There may also be evidence of right and left enlarge- 
ment of the heart and evidence also of any associated 
cardiovascular anomaly. 

Death is usually due to heart failure, to bacterial 
endocarditis or endarteritis, or to rupture of the 
aneurysm. 

The youngest recorded case is that described by 
Zuber (1904) of a 5-month-old child who from birth 
failed to thrive, and, dying from bronchopneumonia, 
was found at necropsy to have a fusiform aneurysm 
of the pulmonary artery, involving the trunk and 
both main branches. The smaller branches also 
showed many saccular dilatations. 


Case Report 

This child, aged nearly 13 months, was first admitted 
under our care with an upper respiratory infection on 
April 14, 1952, with three weeks’ history of fever, 
coughing and discharge from the ear. There had been 
two convulsions on a day two weeks before admission. 

She was the second child of healthy parents and had 
weighed 64 Ib. when born into a very poor, overcrowded 
home. At the age of 7 months she had been in hospital 
with otitis media. 

She was still unweaned from the bottle, and had not 
received regular vitamin supplements. 

Her weight on admission was 20 Ib. 6 oz. (9°3 kg). 
There were no abnormal pulmonary signs on admission, 
but bronchial spasm was observed during her stay 
hospital. The spleen was enlarged and firm 3 cm. below 
the left rib margin. Her conspicuous pallor was found 
to be due to a hypochromic anaemia, the blood count 00 
admission being haemoglobin 6-8 g. %, red cells 
4,400,000 per c.mm., white cells 16,000 per c.mm. 
(neutrophils 60%, lymphocytes 31%, monocytes 9%0) 
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PULMONARY ARTERY ANEURYSM 


platelets 124,000 per c.mm., bleeding time (Duke) 6} min., 
gagulation time (capillary) 34 min. 
The blood Wassermann and Kahn tests were negative. 
The chest radiograph on the day of admission showed 
sormal heart, mediastinum and diaphragm outlines and 
sormal lung markings, without sign of collapse, effusion 
or consolidation (Fig. 1). The tuberculin jelly test was 


Fic. 1. 
Radiograph taken on April 15. 


negative. A catheter specimen of urine showed no 
urinary infection. 

Treatment was by oral sulphadimidine, intramuscular 
penicillin and oral ferrous sulphate. The haemoglobin 
rose to 11-8 g. % (with 4,200,000 red cells) in four weeks, 
and her weight rose to 21 Ib. 7 oz. five weeks after 
admission, when she was discharged to her home. The 
splenomegaly persisted. 

She developed measles on the day after discharge. 
Three weeks later, on June 9, 1952, she was readmitted, 
gravely ill, on a plea of ‘haemoptysis’. In this brief 
interval she had lost 53 lb. (2-6 kg.), now weighing 
IS lb. 11 oz. (6-7 kg.). She was bleeding from a crusted 
left nostril, which was considered the probable source of 
her blood-spitting. Breathing was rapid, with coarse 
thonchi and general bronchial spasm. A further course 
of sulphadimidine, penicillin and ferrous sulphate was 
degun on readmission. A radiograph on June 10 showed 
on the right side a raised diaphragm with an opacity 
above it laterally, suggesting a small effusion. From the 
tight lung root a diffuse central hazy area extended 
upwards. The left diaphragm was clear, and the middle 
2one of the left lung field was occupied by a large opaque 
area Which was regarded as inflammatory in nature, or 
Possibly an interlobar effusion. This film, taken eight 
Weeks after the original clear chest film, showed the final 
ksion almost fully developed. 

These appearances, with the alarming rapid deteriora- 
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tion in three weeks, led to urgent rechecking of the 
tuberculin reaction, which proved negative to jelly and 
Mantoux tests to 1 in 100. Gastric washings were 
thrice negative for Myco. tuberculosis. The cerebrospinal 
fluid on June 18 showed normal levels of protein 
(25 mg. %), chloride (730 mg. %) and sugar (54 mg. %), 
with no cells or organisms. 


Fic. 2. 
Radiograph taken on July 18. 


The persistent splenomegaly prompted a red cell 


fragility estimation, in which haemolysis occurred 
normally between saline dilutions of 0-48% and 0-28%. 
The blood count on June 21 gave haemoglobin 8-9 %, 
red cells 4,400,000, white cells 9,000 (neutrophils 25%, 
eosinophils 2%, lymphocytes 69%, monocytes 4%). 
By August 1 the haemoglobin had risen to 13-3 g. %, 
with 5,200,000 red cells and 14,200 white cells (neutro- 
phils 64%, lymphocytes 32%, monocytes 4%). 

From July 12 to 20 the respiratory rate was exception- 
ally rapid and embarrassed, up to 60 and 65 per minute, 
with a subsequent fall to 45 per minute. The child 
remained afebrile throughout her second stay in 
hospital. 

The radiographic appearances in the left lung sharpened 
to reveal a clear-cut, globular opacity postero-lateral to 
the heart, clear of the base, and extending out to the ribs 
(Fig. 2). This showed no pulsation on screening on 
July 29. The right basal opacity became less dense, 
suggestive of residual thickened pleura. An intravenous 
pyelogram on July 24 suggested normal calyces in both 
kidney areas. 

On August 1, 1952, she was transferred to the 
Children’s Hospital, Sheffield, under the care of Pro- 
fessor R. S. Illingworth, on the suspicion of a malignant 
neoplasm or possibly encysted interlobar empyema. 
Aspiration by syringe yielded blood. No exploring 
needle had ever previously been passed into the chest. 
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She was transferred on August 13 to the City General 
Hospital for exploratory thoracotomy. 

The consensus of opinion suggested the diagnosis of a 
tumour of the lower lobe of the left lung. 

Operation was performed on August 14, 1952. The 
anaesthetic was induced with gas, oxygen and ether 
maintained after intratracheal intubation with cyclo- 
propane and oxygen. The chest was opened by a left 
posterc-lateral thoracotomy with resection of the sixth 
rib. A large rounded mass was found in the lower lobe 
with some recent haemorrhage at the site of previous 
aspiration. The mass appeared to be of soft, solid 
consistency, and on freeing it the mass ruptured and bled 
profusely. The haemorrhage was controlled by sutures 
and further exploration showed the mass to be a saccular 
aneurysm of the left pulmonary artery. Owing to the 
poor condition of the patient, removal of the lung was 
decided upon as the quickest method of removing an 
almost certainly fatal lesion. Unfortunately, cardiac 
irregularity became very marked after pneumonectomy 
and the child died half an hour later. 


Pathological Report. 
and rather contracted. 


The left lung was received fixed 


NAKED-EYE DESCRIPTION. The left pulmonary artery 
is enlarged at its origin and from its posterior lateral wall 
through an orifice approximately 2 1-75 cm. in 
diameter leads to an aneurysm which, in its contracted 
state, measures approximately 4 <x 5-5 x 3-5cm. The 
aneurysm obtrudes on the interlobar fissure. It has a 
well-marked, pale wall varying considerably in thickness 
(0-1 to 0-3 cm.) and regularity. Attached to the inner 
wall of the aneurysm are many small and large thrombi 
of apparently diverse ages. 


HistoLoGy. Elastic fibres are present within the main 
pulmonary artery but disappear at the beginning of the 
aneurysmal dilatation. The wall of the aneurysm con- 
sists almost entirely of dense connective tissue. Blood 
vessels beyond the wall of the artery show extensive 





ARCHIVES OF DISEASE IN CHILDHOOD 


endarteritis. No foci of inflammation are seen in the 
aneurysm wall suggesting a rheumatic process or syphilis. 
The lung elsewhere shows evidence of recent and old 
bleeding but no evidence of chronic infection o; tuber. 
culous disease. . 

The specimen is an aneurysm arising from the lateral 
aspects of the left pulmonary artery. The aetiology is 
not apparent from the histological findings. The absence 
of any local sepsis and the unusual site, together with the 
long history, may .indicate that the primary condition 
was a developmental defect in the vessel wall. An 
analogy with cerebral aneurysm is perhaps the most apt. 

Whether the wall of the artery gave way at the site of 
a congenital defect or ‘berry’ aneurysm, or whether 
mycotic softening occurred through infection within the 
vessel, or whether an adjacent lung abscess caused and 
received the eruption of blood, it is not possible to 
determine, as enlargement of the sac will have obliterated 
any evidences of origin. This limited tissue study is com- 
patible with the view that during a severe acute wasting 
respiratory infection (probably a complication of 
measles) a ‘blow-out’ occurred at the fork of the left 
pulmonary artery into the substance of the lower lobe 
of the left lung: a very large false aneurysmal sac was 
rapidly formed by compression of surrounding lung 
tissue and clotting within the aneurysm. 


It is a pleasure to acknowledge our indebtedness to 
Professor R. S. Illingworth, to Dr. J. Wilkie and Dr. 
T. Lodge for radiological studies, to Dr. E. Travers in the 
earlier pathological studies, to Dr. J. L. Emery for the 
histological report and advice, and to Dr. W. Doran, 
the family doctor. 
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CHRONIC HYPOPARATHYROIDISM ASSOCIATED WITH 
A MULTICYSTIC KIDNEY 


BY 


R. G. MITCHELL 
From the Royal Hospital for Sick Children, Edinburgh 


(RECEIVED FOR PUBLICATION MARCH 28, 1954) 


The criteria for diagnosis of chronic idiopathic 
hypoparathyroidism were laid down by Drake, 
Albright, Bauer and Castleman (1939) as (1) a low 
serum calcium level with a raised serum inorganic 
phosphorus level; (2) the exclusion of renal in- 
sufficiency as a cause of the hyperphosphataemia; 
(3) the presence of symptoms and signs of chronic 
tetany; and (4) the absence of radiological abnor- 
mality of the bones. Emerson, Walsh and Howard 
(1941), however, reported increased density of bone 
in a case of idiopathic hypoparathyroidism, and, 
with the first three of the above features, this is now 
considered to be characteristic of the condition. 

The following case is considered to satisfy these 
criteria, and is of unusual interest because the 
patient’s mother had hyperparathyroidism, and also 
because of the early age of onset and the associated 
renal anomaly. 


Case Report 


The patient was an only child and there was no family 
history of epilepsy or mental defect. He was born 
spontaneously on January 16, 1947, the birth weight 
being 1! lb., and he was breast fed for nine months. He 
sat up at 5 months, began talking at a year, and walked 
unassisted at 14 months. 

At about 1 year of age it was noticed that whenever 
he cried he developed ‘crowing’ respirations, and four 
months later he had several generalized convulsions 
within a few days. He was admitted to hospital, where 
the stridor and convulsions were attributed to an infantile 
condition of the larynx. During the next two years he 
had only three fits and his general health was good, 
though he made little progress in speech and still had 
stridor when he cried or became excited. At 3 years and 
4 months he began to have frequent episodes of staring 
into space, with slight twitching movements of the limbs 
lasting only a few seconds. A diagnosis of petit mal was 
made and treatment with ‘tridione’ was started, but no 
improvement occurred until phenobarbitone was added, 
when ihe ‘turns’ became less frequent. 

At ‘ years and 7 months he began to complain of 
pain in the feet during the ‘turns’ and had intermittent 
attack: of diarrhoea. He was admitted to the Royal 


Hospital for Sick Children, Edinburgh, on August 22, 
1950, for further investigation. 

On admission the patient was a tall, well-nourished 
child, with an intermittent coarse tremor of the head and 
arms, especially noticeable on purposeful movement. 
His height was 39-5 in. (100 cm.) and his weight 41-5 Ib. 
(19 kg.). The skin and hair were a little dry but there 
was no abnormality of the teeth or nails. 

No abnormality of the cranial nerves was found and 
examination of the eyes showed no cataract, no 
nystagmus, and normal fundi. His limbs were slightly 
spastic with easily elicited reflexes, equal on the two 
sides, and Chvostek’s and Trousseau’s signs were 
present. 

Examination of the cardiovascular and respiratory 
systems revealed no abnormality; the blood pressure ‘was 
100/65 mm. Hg. 

The left kidney was not palpable but a smooth, mobile 
painless mass was felt in the position of the right 
kidney. The liver was of normal size and the spleen 
could not be felt. 

His speech was unintelligible and his behaviour 
suggested a mental age of at least a year younger than his 
chronological age. 





Fic. 1A.—The patient before 
treatment. 
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Fic. 18.—One year later on main- 
tenance treatment with calciferol. 
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In the days following admission, he had frequent 
shaking attacks in which he screwed up his face and 
seemed unaware of his surroundings for about 30 seconds. 
He also had frequent painful spasms of the feet and two 


Fic. 2.—The right kidney (almost natural size). 


episodes of generalized tetany with opisthotonos and 
laryngeal stridor. 


Preliminary Investigations. The haemoglobin was 
14 g. %, the leucocyte count 15,600 per c.mm., and the 
erythrocyte sedimentation rate 8 mm. in one hour. 
Bleeding and clotting times were normal, and the blood 
urea nitrogen was 17 mg. %. Estimations on serum 
showed calcium to be 3 mg. %, inorganic phosphorus 
7-2 mg. %, chlorides 595 mg. %, sodium 330 mg. %, 
potassium 22 mg. %, carbon dioxide-combining power 
67 volumes %, alkaline phosphatase 17 King-Armstrong 
units %, albumin 5-38 g. % and globulin 1-95 g. %. 

The pH of the urine was 5 and the specific gravity 1015. 
A trace of albumin was present but no cells, and culture 
was sterile. The Sulkowitch test was negative. 

Radiological examination showed a slight increase in 
density of bone in the pelvis and femur and no abnor- 
mality in the skull, chest or hand. A barium meal 
showed defective filling of the caecum, which was slightly 
displaced towards the midline. 

No oral moniliasis was found on repeated examina- 
tion. 
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A modified form of the parathyroid hormo; 
tivity test (Ellsworth and Howard, 1934) was car 
using one-quarter of the dose of parathyroi 
recommended for an adult. Three hourly spec 
urine were collected and then 50 units of pai 
extract (i.e., 10 units of Lilly’s parathormo: 
injected intravenously, after which three furthe: hourly 
specimens were collected. The results of this test are 
shown in the table and the rise in phosphorus excretion 
is considered sufficient to exclude the condition of 
pseudohypoparathyroidism described by Albright, 
Burnett, Smith and Parson (1942). 


Sensi- 
ed out, 
extract 
1€ns of 
thyroid 
) were 


TABLE 
PARATHYROID HORMONE SENSITIVITY TEST 





Inorganic 
Phosphorus 
(mg.) 


8-9 a.m. .. 100 | 32 | 14-7 


Fluid Intake | Urine Volume | 
(ml.) (ml.) 


Time 








9-10 a.m. .. 100 28 12-6 
10-11 a.m... 100 34 12-0 
1103 2.m:.. 











a . — 
Intravenous injection of 50 units of parathyroid 
extract in 2 ml. saline 





11 a.m.-12.. 100 31 44-0 


100 35°35 





12-1 p.m. .. 





1-2 p.m. .. 100 44 44-0 





Progress. A _ provisional diagnosis of idiopathic 
hypoparathyroidism was made and because of the 
severity of the symptoms, it was decided to treat this 
condition before further investigation of the abdominal 
tumour. Treatment was started on September 2 and 
consisted of 20,000 units of calciferol as liquor calciferolis 
(B.P.C.), 30 gr. of calcium lactate daily and a diet low in 
phosphorus. Two weeks later, the calciferol was in- 
creased to 40,000 units daily. On this regime, the serum 
calcium level slowly rose until on October 9 it was 
7-6 mg. %, with serum phosphorus 4-9 mg. %. The 
Sulkowitch test showed a normal urinary excretion of 
calcium and all signs of tetany had disappeared. 

As the child was now well and cheerful, an intra- 
muscular pyelogram was carried out. This showed good 
concentration on the left side with a normal pelvis and 
ureter apart from small, cyst-like dilatations of several 
calyces, an appearance resembling that seen in hydro- 
calicosis. There was no shadow at all on the right side. 
Cystoscopy showed that the bladder and left ureteric 
orifice were normal, while the right ureteric orifice was 4 
crescentic slit through which a catheter could be passed 
only to 1 cm. ; 

An exploratory operation was carried out by Miss 
R. M. Mackay on November 10. The right kidney was 
found to be completely replaced by a number of cysts, 
which were removed in one mass. Post-operative progress 
was uneventful. 


Pathological Report. The specimen consisted of two 
large, one medium, and a large number of small cysts 
connected by fibrous tissue (Fig. 2). No normal renal 
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issue was seen. The ureter and pelvis appeared to 
communicate with the centre of the mass. 

Microscopical sections showed numerous cysts of 
yarious sizes (Fig. 3). In some of the larger cysts the 


Fic. 3—Photomicrograph showing cystic structure of kidney x 50. 


lining cells were flattened, while in others they were low, 
cubical cells with clear cytoplasm. In the smaller cysts 
the lining cells were cubical or flattened, always in only 
a single layer. The cysts were separated by a vascular 
fibrous stroma in which there were some small epithelial 
ducts, separately or in small groups. These were lined 
by small cubical or columnar cells, strongly basophilic. 
There were occasional groups of undifferentiated baso- 
philic cells having the character of the primitive meta- 
nephric blastema, among which tiny tubules had begun 
0 form. There were no normal renal tubules or 
glomeruli. No cartilage was found in the sections. 
The ureter had a thick wall, mostly fibrous with poorly 
developed muscle. The lumen was very minute and was 
lined by a single layer of small cubical cells. 


Further Progress. One week after operation the 
child was very well and investigation showed the serum 
calcium level to be 9-3 mg. %, serum inorganic phos- 
phorus 5-9 mg. %, and blood urea nitrogen 14-5 mg. %. 
He was discharged from hospital on November 21 to 
continue on calciferol, 40,000 units a day, with oral 
calcium lactate. 

On January 5, 1951, the serum calcium and phosphorus 
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levels had been within normal limits for two months, and 
it was decided to assess the effect of stopping treatment. 
Six weeks later, the serum calcium level had fallen to 
6-4 mg. %, the phosphorus level had risen to 6-6 mg. %, 
and he began to have slight shaking attacks. Treatment 
was started again, and by June 12 a satisfactory mainten- 
ance dose of 50,000 units of calciferol (one high potency 
‘ostelin’ tablet) daily had been established, which main- 
tained the serum calcium level between 9 and 11 mg. %, 
and the phosphorus level between 5 and 6 mg. %. 

During the ensuing three months, the blood urea 
nitrogen, which had been between 12 and 19 mg. % since 
operation, rose to 24 mg. %, and in view of this he was 
re-admitted on October 31 for urea clearance tests, 
which showed a standard clearance of 63% and 67% on 
two separate occasions. An intravenous pyelogram 
showed that the left kidney was functioning satisfactorily ; 
there was no appreciable difference in the appearance of 
the calyces observed one year previously. 

For the next 18 months the child was in good health 
and the blood urea nitrogen level remained at about 
16 mg. %. In June, 1953, the child’s mother was found 
to have a parathyroid adenoma, and enquiry revealed 
that symptoms had been present during the pregnancy 
seven years previously. An attempt was made to replace 
maintenance therapy by implanting fragments of the 
adenoma into the child, but unfortunately the effects of 
the transplant lasted only a few weeks, and calciferol had 
to be resumed. Details of the mother will be reported 
elsewhere. . 

In January, 1954, the child was in good health on 
maintenance dose of 50,000 units of calciferol daily with 
supplementary calcium lactate. The serum calcium level 
was 10-3 mg. %, serum phosphorus 5-3 mg. %, and 
blood urea nitrogen 16 mg. %. 


Other Investigations. An electrocardiogram before 
treatment showed a Q-T interval of 0-38 seconds at a 
heart rate of 110 per minute. By November 16, 1950, 
the Q-T interval had been reduced to 0-31 seconds at a 
heart rate of 125 per second, representing a reduction 
of about 16%, calculated by Bazett’s formula. 

An electroencephalogram before treatment showed 
irregular slow activity of large amplitude (3-8 cycles per 
second) in both hemispheres, most marked posteriorly. 
A second examination after the patient had been on 
maintenance therapy for some months showed that the 
record was normal for his age. 

Intelligence tests at the age of 44 years gave him an 
I.Q. of 65. Further tests six months later showed 
that there had been slight improvement, his I.Q. being 
70. At the age of 7 he is attending school and is in 
a class appropriate to his age; it appears likely that 
improvement will continue as long as adequate main- 
tenance therapy is carried out. 


Discussion 
In most previous case reports, patients with 


idiopathic hypoparathyroidism have been treated as 
epileptics until the true nature of their condition has 
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been recognized. Major epileptiform attacks have 
been most frequently observed but petit mal has also 
been reported (Eaton and Haines, 1939; Himsworth 
and Maizels, 1940). It has been suggested that the 
occurrence of epilepsy in hypoparathyroidism is 
purely coincidental (Taubenhaus and Engle, 1945) 
but the frequency of the association suggests a 
closer relationship, and it is probable that the 
excitability of the whole nervous system is increased 
by the hypocalcaemic state (Simpson, 1952). 

The presence of renal disease is usually thought to 
exclude the diagnosis of idiopathic parathyroid 
hypofunction, which is based on the absence of 
other known causes of hyperphosphataemia. How- 
ever, those cases of renal disease which resemble 
hypoparathyroidism clinically show other profound 
biochemical changes in the blood, and rapid 
deterioration eventually occurs. Renal damage may 
of course arise during the treatment of idiopathic 
hypoparathyroidism but then it is due to hyper- 
calcaemia from excessive dosage of vitamin D 
(Brimblecombe, 1949). 

A renal cause for the biochemical changes in the 
present case is considered to be excluded by the 
results of analysis of the urine, by the normal values 
for blood urea nitrogen and carbon dioxide com- 
bining power, and by the return to normal of the 
serum calcium and phosphorus levels following 
treatment. 


The Cystic Kidney. Although the absence of 
function in the grossly abnormal right kidney and 
the good function in the left kidney, suggested that 
the condition was unilateral, the slight abnormality 
of the left pyelogram indicated the possibility that 
both kidneys were affected and made it important 
to determine the exact nature of the renal abnor- 
mality. 

Polycystic disease is generally bilateral but Ravitch 
and Sanford (1949) reported a group of cases which 
differed from true polycystic disease and in which 
the cysts involved only one kidney. The authors 
used the term ‘multicystic kidney’ for this group 
and described four cases in infancy, with six similar 
cases from the literature. However, Powell, Shack- 
man and Johnson (1951) pointed out that Ravitch 
and Sanford’s collected cases were not a single 
group and that at least two were examples of 
multilocular cysts of the kidney. There are there- 
fore at least three conditions in which the kidney 
contains numerous cysts (1) true polycystic disease; 
(2) multilocular cysts, in which many intracystic 
septa are present within one large cyst; and (3) multi- 
cystic kidneys, formed by a variety of cysts, which 
are completely separated by a fibrous stroma. The 
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literature suggests that cystic kidneys of the second 
and third types are always unilateral. 

Ravitch and Sanford thought that the muiticystic 
kidney might be a type of teratoma, because of the 
occurrence of cartilage and abnormal tubule 
structures. Small areas of cartilage are, however 
seen in non-teratomatous conditions such 4; 
nephroblastoma and renal hypoplasia, and it js 
more likely that the multicystic kidney is the result 
of a gross dysplasia of the metanephric blastema at 
an early stage (Macgregor, 1951). 


Aetiology of the Hypoparathyroidism. Chronic 
idiopathic hypoparathyroidism appears to exist in 
two forms, one occurring in childhood and adole. 
scence and the other in elderly people (Drake et al. 
1939). The cause of the condition is unknown and 
more than one factor may be responsible while the 
occasional association with hypofunction of other 
endocrine glands is evidence that the action of the 
aetiological agent may be widespread (Himsworth 
and Maizels, 1940; Leonard, 1946). 

The onset in early life of the childhood form 
suggests the possibility of a pre-natal origin. The 
condition has been reported in association with 
other congenital abnormalities, while a familial 
incidence has been noted by some authors. The 
family described by Sutphin, Albright and McCune 
(1943), in which there were three cases of idiopathic 
hypoparathyroidism, was also affected by a con- 
genital blood dyscrasia. Lachmann (1941) reported 
a family of five siblings of whom three, and possibly 
four, had idiopathic hypoparathyroidism; the three 
affected children had associated abnormalities of 
the hands and feet, two of them showing partial 
syndactyly. 

It seems possible that the condition in the present 
patient originated during intra-uterine life as the 
result of maternal hyperparathyroidism, which may 
have acted by preventing normal development of 
the foetal parathyroid glands or by suppressing the 
function of the formed glands. Such a result of a 
maternal parathyroid adenoma has been reported 
(Friderichsen, 1939) but the effect on the infant’s 
glands was not permanent. The delay in onset of 
the symptoms may have been due to the low 
phosphate content of breast milk, since the first 
manifestations of tetany did not appear until shortly 
after breast feeding was stopped. The malformation 
of the kidney may also have been caused by hypet- 
parathyroidism during the pregnancy. 


Summary 
The case of a child who had chronic hypopata 
thyroidism associated with a multicystic kidney } 
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reported. It is suggested that maternal hyper- 
parathyroidism was responsible for both conditions. 


| thank Dr. D. N. Nicholson for permission to report 
this case and Dr. A. R. Macgregor for her help and 
criticism. Iam indebted to Dr. J. A. Strong for allowing 
me to refer to the mother’s case. I am most grateful 
to the biochemists of the Royal Hospital for Sick 
Children for assistance in the management of the patient. 
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CONGENITAL PARALYTIC ILEUS IN A PREMATURE 
BABY AS A COMPLICATION OF HEXAMETHONIUM 
BROMIDE THERAPY FOR TOXAEMIA OF PREGNANCY 


JEAN L. HALLUM and W. L. F. HATCHUEL 


From Sorrento Matern 


ity Hospital, Birmingham 


(RECEIVED FOR PUBLICATION MARCH 10, 1954) 


The increasingly frequent use of the ganglionic 
blocking agents in the treatment of hypertensive 
states makes it essential that all toxic effects be 
reported so that the dangers may be given due 
consideration. This case of paralytic ileus in a 
premature baby after the mother had been treated 
during pregnancy with hexamethonium bromide is 
therefore reported. To the best of our knowledge 
only three cases in newborn babies have been 
recorded (Morris, 1953). 


The Mother 
Mrs. G., a primigravida aged 32 years, was admitted 
to hospital on September 3 during the thirtieth week of 
pregnancy. She had severe pre-eclampsia. Table | is 
a summary of the clinical findings during the preceding 
weeks of pregnancy. 


TA 


On October 5 a caesarean section was performed, 
hexamethonium bromide having been given up to and ip- 
cluding that day. The anaesthetics used were thiopentone, 
nitrous oxide, oxygen and ether. The indications for 
caesarean section were (1) progressive deterioration in the 
patient’s condition as evidenced by increasing albumin- 
uria and oliguria with persistent generalized oedema, in 
spite of slight lowering in the mean blood pressure read- 
ings (2) apparent cessation of foetal growth; (3) cervical 
rigidity contraindicating surgical induction of labour. 

The baby, a girl, had a birth weight of 3 Ib. 4 oz., 
length of 164 in., head circumference of 114 in. at 34 
weeks’ gestation. 


The Baby 


Day 1. At birth, the baby was cyanosed. An un- 
usually large quantity of liquor was aspirated from the 


BLE 1 


CLINICAL FINDING IN FIRST 29 WEEKS OF PREGNANCY 





Date Weight (Ib. oz.) Blood Pressure (mm. 


Hg) Albumin in Urine Oedema Symptoms 





Before pregnancy 

15th week... ; 
Advised to 

19th week... 

25th week 

27th week 179 

28th week... i 179 14 

Given phenobarbitone, gr. 4 b.d., and instructed to rest i 

29th week oe 181 4 150/100 

30th week 180/108 

(34 weeks) 


154 


ea 169 20/80 
reduce “a and oe 


179 8 


184 


Trace ‘ins 
Slight (fingers) 
Slight 


Slight 
Feet and hands 


Trace Insomnia 


n bed 
Trace 
Cloud 





After admission she was treated in bed at complete 


rest. Sedation, ammonium chloride, and a short course 
of ‘veriloid’ produced no appreciable improvement. 
The blood pressure on September 17, 1953, i.e., at 
314 weeks, was 170/118 mm. Hg and in addition there 
was generalized oedema of the limbs, body and face, 
and 2 g. albumin (Esbach) in the urine. Accordingly, 
it was decided to start a course of hexamethonium 
bromide. A test dose of 25 mg. was given subcutaneously 
and followed by 50 mg. subcutaneously six hourly. 

Table 2 summarizes the patient’s condition during the 
following two weeks. 


TABLE 2 


CLINICAL FINDINGS IN LAST TWO WEEKS OF 
PREGNANCY 





Blood Pressure (mm. Hg) Urinary 
Albumin (mg. 


Esbach) 
y 4 


Oedema 





Date Highest 


170/118 


176/120 
160/114 
158/108 
140/100 


Lowest 





17.9.53 ~~ 
(314 weeks) 
20.9.53 os 
25.9.53 


30.9.53 
4.10.53 


148/110 


148/106 
134/100 
134/94 
130/90 
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PARALYTIC ILEUS IN A NEWBORN BABY 


pharynx and stomach, and with the baby nursed head 
down liquor continued to trickle out for a further 
half-hour. 

Thereafter, the baby was transferred to the Premature 
Baby Unit and nursed in an ‘isolette’ incubator. The 
baby’s condition was now fairly good, though the cry 
was poor, and there remained slight generalized cyanosis. 


Day 2. The general condition had improved, but the 
baby was still lethargic. Generalized oedema of the 
limbs developed and lasted for a week. 


Day 3. The abdomen was distended, and the skin 
around the umbilicus was slightly red. Suspecting an 
early umbilical infection, treatment with intramuscular 
penicillin and soluthiazole was begun. That afternoon, 
the first glucose water feed was given. Later the baby 
vomited a brown mucoid material. 


Day 4. The first meconium stool was passed. The 
baby’s general condition and state of hydration remained 
good. The baby was fed on diluted breast milk, but 
feeds were stopped in the evening on account of gross 
abdominal distension and 1 in 5 normal saline was 
injected subcutaneously to maintain hydration. 


Day 5. The abdominal distension had increased, and 
avery resonant percussion note could be elicited over the 
entire abdomen. A stomach wash-out was performed, 
and gastric flatus and some brown material similar to 
that vomited on the third day were removed. After 
the wash-out the abdominal distension diminished con- 
siderably, though only temporarily. 

That evening, a bowel wash-out with half normal 
saline produced a black cast of inspissated meconium, 
approximately 3 in. long and 4 in. in diameter. 


Day 6. Abdominal distension was still gross, although 
a very small meconium stool had been passed spon- 
taneously during the night. Radiographic screening 
showed gross gaseous distension of the entire gut 
without signs of organic obstruction. Peristalsis, while 
present, was only sluggish. 

Small tube feeds were begun again and later in the 


day tube feeding was replaced by bottle feeding as the 
baby began to suck. 


Day 7. No change. 


Day 8. The baby vomited twice only. Abdominal 
distension continued. The baby was placed in a sitting 
position and kept like that for the next two days but 


with little noticeable effect. The stools became larger 
and greener. It was not until the thirteenth day that the 
first ‘changing stool’ appeared. Feeds were being 
retained but the abdomen remained distended. 


Day 13. Abdominal distension began to diminish. 
The haemoglobin was 14:0 g. %. A transfusion of 
30 ml. whole blood was given. 
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Days 16-21. The baby became far more active, stools 
were assuming a more normal appearance, and a gain 
in weight was recorded. On the twenty-first day an 
entirely normal stool was passed and since then there 
has been an uninterrupted gain in weight and apparently 
normal development. 


Discussion 


The toxic effects of hexamethonium bromide are 
numerous, ranging from symptomatic discomfort, 
such as blurring of vision, dry mouth, constipation 
(Morrison, 1953; Mackey and Shaw, 1951; Turner, 
1950) to attacks of postural hypotension, resulting 
in cerebral thrombosis and cerebral haemorrhage 
(Hirson and Kelsall, 1951) and fatal paralytic ileus 
(Bourne and Hosford, 1951). 

The effects on the foetus and newborn infant in 
toxaemic mothers has been studied by Turner 
(1952), Mulcahy (1952) and Morris (1953). Turner 
and Mulcahy reported that they observed no 
harmful effects on the newborn baby, but Morris 
reporting on the use of hexamethonium bromide in 
10 toxaemic mothers reported complications in 
three and possibly four of the issue. Two babies 
died with symptoms of paralytic ileus. There was 
a 20-hour delay in the passage of the first meconium 
stool in the third baby, and a fourth died with wide- 
spread purulent bronchopneumonia which Morris 
suggested may have been due to reduced bronchial 
secretion favouring respiratory infection. In his 
tenth case he studied the liquor levels of hexa- 
methonium bromide in an anencephalic monster. 
He found that there was a rise in the level in the 
liquor, which continued even after administration of 
the drug was stopped, and suggested that this proved 
the excretion of the drug in the foetal urine. (How- 
ever, since an anencephalic monster cannot swallow 
(Taussig, 1927) the theory that the drug normally 
concentrates to the degree he quotes is open to 
serious doubt.) 

Young (1952) has studied hexamethonium bro- 
mide levels in pregnant rabbit does and showed free 
passage of the drug across the placental barrier. 
The drug persisted in the liquor for many days after 
the last dose had been given. It is probable, there- 
fore, that in the case recorded here the continued 
administration of the hexamethonium bromide to 
the mother to the time of the caesarean section had 
resulted in a high foetal blood level of the drug. 
This in turn had caused lethargy and paralytic 
ileus, the symptoms of which abated as the drug 
was excreted from the baby’s body. 

Morrison and Paton (1953) studying the effects 
of parenteral administration of hexamethonium 
bromide on normal individuals in relation to its 
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concentration in the plasma, found that ‘the drug 
is evenly distributed throughout the extracellular 
fluid’ and that their calculations were ‘compatible 
with its excretion by glomerular filtration’. This 
would explain the prolonged symptoms in the case 
recorded here since glomerular filtration in pre- 
mature babies is very poor (Young, Hallum and 
McCance, 1941). The oedema neonatorum occur- 
ring in this baby would also support this hypothesis 
(Hallum, 1941). 

McMichael (1952) states that vomiting and 
paralytic ileus seem more likely to occur when 
hexamethonium bromide is given orally. The fact 
that the foetus is constantly swallowing its own 
liquor would explain why this baby developed 
paralytic ileus while the mother, who was receiving 
hexamethonium bromide parenterally, had no dis- 
turbance of gastro-intestinal function. Details of 
the mother’s history will be recorded elsewhere, but 
it may be mentioned here that on the day following 
the caesarean section she had a severe hypotensive 


attack following a dose of 50 mg. of hexamethonium 
bromide. 


Summary 


A case is recorded of transient paralytic ileus of 
congenital origin following treatment of the mother 
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with daily doses of hexamethonium bromide 
(50 mg. q.i.d.) for 18 days up to and including the 
time of delivery of the baby. The baby failed to 
pass an appreciable quantity of meconium until g 
bowel wash-out was done on the fifth day. Peri. 
stalsis was diminished and there was gaseous disten- 
sion of the entire gut lasting from shortly after birth 
until the third week of life. The character of the 
stools changed only during the second week, and 
normal size and consistency was assumed only at 
the end of the third week. 


We are grateful to Dr. V. Mary Crosse in whose unit 
this baby was treated, and to Dr. L. M. Masterman who 
saw the baby in her absence. We also thank Dr. Astley 
for screening this baby. 
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UNILATERAL DIAPHRAGMATIC PARALYSIS AND ERB’S 
PALSY IN THE NEWBORN 


N. E. FRANCE 
From the Queen Elizabeth Hospital for Children, London 


(RECEIVED FOR PUBLICATION MARCH 14, 1954) 


Since Naunyn reported the first case of unilateral 
diaphragmatic paralysis in a newborn infant in 1902, 
38 further cases have been described; 72% showed 
an association with Erb’s palsy on the same side as 
the phrenic injury. 

As most cases have occurred after breech delivery, 
the majority of observers considered the injury to 
result from manipulations of the head and neck 
producing overstretching of the cervical nerves. 
Rupilius (1934), however, believed that malposition 
of the foetus in utero allowed compression of the 
brachial plexus and phrenic nerve between the 
clavicle, the first rib, and the transverse processes of 
the fifth and sixth cervical vertebrae. 

The present case showed avulsion of the anterior 
roots of the cervical nerves supplying the phrenic 
nerve on the affected side indicating that trauma by 
traction had occurred at birth. 


Case History 


L.T., a boy, aged 47 days, was born at term on 
January 7, 1952, of a primiparous mother after a difficult 
breech delivery during which forceps were applied to the 
after-coming head. A right-sided Erb’s palsy was noted 
soon after birth. His condition was poor for the first 
two days of life but then became satisfactory. He was 
not weighed at birth but his weight at 3 days was 7 Ib. 
5$ oz. (3,325 g.). When 9 days old periods of rapid 
breathing were noticed, feeds were taken slowly and he 
tired easily. He was discharged from the maternity 
department when 15 days old, feeding from the breast. 

Physical examination when the infant was aged 16 days 
(weight 7 Ib. 54 0z.,3,325 g.) showed that he was vigorous 
with a good colour and a typical right Erb’s palsy. 
Respirations varied between 50 and 70 per minute, and 
while watched in the Out-Patient Department of the 
Queen Elizabeth Hospital there were periods of rapid 
breathing separated by periods of slower, quieter breath- 
ing. There was no rib recession, the percussion note was 
everywhere resonant, and the breath sounds were normal. 
The liver was of normal size, the spleen was just palpable 
and all other systems were normal. 


The mother was feeding her infant two-hourly chiefly 
with the bottle and the baby had apparently taken only 
about 13 or 14 ounces in 24 hours. He was admitted to 
hospital on account of his rapid respiratory rate. 

A radiograph of the thorax showed collapse of the 
right lower lobe with a possibly raised right dome of the 
diaphragm or an encysted effusion, and screening showed 
paradoxical movement of the right diaphragm (Dr. 
C. Hodson). A diagnosis of right diaphragmatic 
paralysis was made. When the baby was 24 days old the 
respiratory rate still varied considerably and _ inter- 
mittently. The upper part of the right thorax moved 
more and the lower part less than the left chest. There 
was a little subcostal recession on the\right and the 
percussion note was impaired and air entry diminished 
at the right base posteriorly. The child’s condition 
gradually deteriorated with increasing dullness at the 
right base and a persistent increase of the respiratory 
rate. The amplitude of the right thoracic movements 
increased with the lower part swinging upwards and 
outwards on inspiration, accompanied by indrawing of 
the epigastrium. 

Cyanotic attacks occurred on the twenty-sixth and 
twenty-seventh days of life and on the following day the 
child had generalized twitching. A radiograph of the 
thorax showed a slight increase in the height of the right 
dome of the diaphragm. The blood showed a leuco- 
cytosis of 22,000 per c.mm. (polymorphs 33%, 
lymphocytes 63%, monocytes 4%). His colour and 
vigour continued to deteriorate, his breathing was dis- 
tressed, and oxygen therapy was given. When 31 days 
old, tube feeding was necessary and was continued there- 
after. At 36 days he was dyspnoeic and cyanosed after 
exertion and showed bilateral rib recession, a grossly 
impaired percussion note at the right base and mid-zone 
with absent breath sounds at the right base and numerous 
crepitations in the right mid-zone. His leucocyte count 
was 26,000 per c.mm. (polymorphs 37%, eosinophils 1%, 
lymphocytes 52%, monocytes 10%). Adventitious 
sounds increased and by the forty-second day crepitations 
were also heard at the left axilla and base. On the forty- 
seventh day artificial respiration in a Drinker respirator 
was given; he rapidly deteriorated and died 12 hours 
later. 


He received oral penicillin from the seventeenth day 
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of life, chloramphenicol from the thirty-third day and 
intramuscular streptomycin from the thirty-sixth day; 
none had any appreciable effect on his condition. 


Necropsy Findings. The body was that of a white male 
infant weighing 8 lb. 43 oz. (3,750 g.) and measuring 
55 cm. in length. There was marked flattening of the 
right side of the thorax and the abdomen was scaphoid. 

Both lungs (R. 27 g., L. 36 g.) occupied the posterior 
halves of their respective pleural sacs and showed 
extensive areas of collapse posteriorly. This was 
noticeable on the right side where the dome of the 
diaphragm extended to the level of the first intercostal 
space. 

The heart (35 g.) extended for 4-5 cm. to the left of 
the midline and 1-0 cm. to the right and was normal in 
all respects. 

The adrenals together weighed 7:4 g. and were 
distinctly thicker than normal. On the cut surface 
neither showed any obvious zonal arrangement and the 
entire section was uniformly pale yellow, opaque and 
friable. 

Dissection of the neck showed a normal brachial plexus 
on the left side. On the right, however, there was 
complete avulsion of the anterior nerve roots of the third, 
fourth and fifth right cervical nerves at their attachment 
to the spinal cord (Fig. 1). Opposite these nerves the 
epidural space was widened and the dura itself thickened 
although there was no evidence of old or recent haemor- 


Fic. 1.—Anterior view of cervical spinal cord showing avulsion of 
the anterior nerve roots of C 3, 4 and 5 on the right side. 
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rhage. The right phrenic nerve, which arose mainly from 
the third cervical nerve and received a twig from the 
fourth cervical nerve, was intact throughout its course. 


Fic. 2.—Photomicrograph of adrenal gland showing extensive 
necrosis and calcification ( ~ 43). 


There was a small recent haemorrhage in the region of 
the lateral cord of the right brachial plexus but the plexus 
itself was uninjured. 

All other organs were grossly normal. 


Microscopical Examination. Degeneration was demon- 
strated in the right fourth cervical, phrenic and musculo- 
cutaneous nerves, using the left fourth cervical nerve as 
a control. 

The muscle of the right dome of the diaphragm was 
very thin and the individual fibres small and atrophic, 
giving a rather variable reaction to basophilic stains. 

Sections from both lungs showed extensive collapse 
only. 

Both adrenal glands showed extensive necrosis 
throughout all zones (Fig. 2). The central area resembled 
necrotic foetal cortex but the process also involved much 
of the definitive cortex even extending to the capsule over 
large areas. Where the definitive cortex was intact, 
glomerular and fascicular zones could be distinguished, 
often separated from the necrotic region by condensed 
connective tissue containing numerous haemosiderin- 
laden phagocytes. Throughout the necrotic areas 
irregular foci of calcification of varying size were 
scattered. No thrombosed vessels were demonstrated. 


Discussion 


Of 29 cases in which diaphragmatic paralysis was 
associated with Erb’s palsy, including the present 
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case, eight (27-6%) died; only one death (9%) 
occurred in 11 infants in whom there was no accom- 
panying brachial palsy (Blattner, 1942). Necropsy 
findings were available in only six cases in the 
literature. All patients died between 2 and 6 months 
of age and the lesion was right-sided in all cases. 
Flevation of the right dome of the diaphragm with 
extensive collapse of the right lung was always 
present. The brachial plexus was dissected in three 
infants (Landsberger, 1926; Rupilius, 1934; Turner 
and Bakst, 1949) but showed no abnormality. The 
phrenic nerve showed evidence of degeneration in 
three cases (Cocchi, 1937; Blattner, 1942; Turner 
and Bakst, 1949) but was not examined micro- 
scopically in the rest. In Tyson and Bowman’s case 
(1933) death was attributed to congenital heart 
disease and the brachial plexus was not explored. 
The only case in which the cervical nerve roots 
were examined was that of Turner and Bakst (1949) 
which was also reported by London (1949) and 
Schifrin (1952). This was a 13-week-old male who 
had been born by breech presentation with the 
assistance of forceps. A right-sided Erb’s palsy was 
noted soon after birth; respiratory difficulty, at first 
intermittent, as in the present case, became con- 
tinuous and more severe and at the age of 6 weeks 
diaphragmatic paralysis was diagnosed. At 


necropsy the brachial plexus was normal but when 
the nerve roots were traced into the spinal canal 


avulsion of the anterior roots of the fifth and sixth 
cervical nerves at their junctions with the spinal cord 
was revealed. The phrenic nerve, which arose 
mainly from the fifth cervical nerve with a small twig 
from the fourth cervical nerve, was completely 
demyelinated. 

Consideration of the similar findings in Turner 
and Bakst’s case (1949) and in the present case 
Suggests the probability that when diaphragmatic 
paralysis and brachial palsy co-exist the site of injury 
is the anterior roots of the cervical nerves and, as 
this lies within the membranes covering the spinal 
cord, it is presumably caused by tension rather than 
by pressure. When complete avulsion has occurred 
regeneration of the nerves is probably impossible. 
Since the majority of cases improve or recover 
complete movements it is likely that minor trauma 
may result in rupture of nerve fibres without wide 
separation of their torn ends. 


The other interesting feature of the present case 
was the incidental finding at necropsy of extensive 
destruction and calcification of both adrenal glands. 
Although tuberculous foci in the adrenals with 
subsequent Addison’s disease are probably the 
commonest cause of calcification, this is extremely 
rare in childhood (Chenoweth, 1948). Neuro- 
blastoma (Willis, 1948), phaeochromocytoma (Bartles 
and Cattell, 1950) or adenocarcinoma of the cortex 
(Samuel, 1948) may show calcium deposits in their 
substance. It is probable, however, that adrenal 
calcification in infants and young children is usually 
a sequel to sublethal haemorrhage occurring in the 
neonatal period. Calcification and haemorrhage 
have been found together in a child as young as 
8 days while in older children previous haemorrhage 
is suggested by the presence of haemosiderophages 
in the region of the calcified areas (Snelling and Erb, 
1935). 


Summary 


Intermittent rapid breathing in a 16-day-old infant 
with Erb’s palsy led to the radiological diagnosis of 
right diaphragmatic paralysis. During the remaining 
31 days of life respiratory distress increased and 
evidence of pulmonary collapse appeared. 

At necropsy avulsion of the anterior roots of the 
cervical nerves supplying the right phrenic nerve 
was found. Adrenal calcification following old 
haemorrhage was also present. 

Previously described necropsy records are re- 
viewed. 


My thanks are due to Dr. H. M. M. Mackay for her 
permission to publish the clinical details and for her 
advice and criticism, to Dr. C. Hodson for the radio- 
logical findings and to Mrs. F. M. Byron for her technical 
assistance. 
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BRONCHIAL ADENOMA IN CHILDHOOD 


BY 


K. D. ROBERTS 


From the Children’s 


Hospital, Birmingham 


(RECEIVED FOR PUBLICATION MARCH 22, 1954) 


Bronchial adenoma is not a common condition 
under the age of 20 years and is exceedingly rare 
in childhood. The following is the youngest patient 
to be reported in this country. 


Case Report 

D.F., a 6-year-old girl, came to the Children’s Hospital, 
Birmingham, in February, 1953, because of seven attacks 
of ‘left basal pneumonia’, the last being in July, 1952. 
The first illness had been treated in Malaya in 1951 and 
had responded to a course of streptomycin and sulphon- 
amides. 

She was a well built, somewhat pallid child with no 
symptoms. Finger clubbing was absent; the trachea was 
central and the apex beat in the fifth intercostal space in 
the mid-clavicular line. There was an area of impaired 
percussion note and diminished air entry at the left base. 
The Mantoux test (1 in 1,000) was negative. 

Radiography showed a partial collapse of the left 
lower lobe with honeycomb air shadows in this area; on 
bronchographic examination the basal segments of the 
left lower lobe could not be filled and the lower lobe 
bronchus, just below the apical branch, had a pointed 
termination suggestive of intra-bronchial obstruction; 
the apical segment of the lower lobe was large and 
appeared healthy (Fig. 1). 

Sputum culture produced a growth of penicillin- 
sensitive Streptococcus viridans, pneumococci and 
Staphylococcus aureus. The pre-operative diagnosis was 
bronchiectasis with segmental collapse due to bronchial 
occlusion and it was decided to perform resection of the 
basal segments of the left lower lobe, with conservation 
of the apical segment. 

Operation on March 11 was performed under thio- 
pentone, tubo-curarine and endotracheal nitrous oxide 
and oxygen anaesthesia. 

With the child in the lateral position, the left chest was 
opened through the bed of the resected sixth rib. 
Adhesions between the partially collapsed basal segments 
of the lower lobe, the diaphragm and the chest wall were 
divided. The fissure was dissected and the artery and 
vein to the basal segments were divided and ligated. 
The bronchus was cleared and clamped low down; it 
was then opened and a smooth firm, yellowish nodule, 
the size of a pea, was seen occluding the lumen. The 
tumour was attached by a broad pedicle and was 
removed together with the portion of bronchus to which 


it was attached. The bronchial stump was trimmed to 
the level of the apical segmental bronchus, closed with 
interrupted No. 80 thread sutures and covered with 
pleura. Apical and basal intercostal tube drains were 
inserted and the chest closed. 

The post-operative course was _ uneventful; the 
remainder of the left lung remained weil expanded and 
the child was discharged two weeks after operation. 

The child has remained well since operation. Radio- 
graphic examination 10 months’ later showed that the 
apical segment of the lower lobe was well expanded and 
bronchoscopy excluded recurrence. 


Histological Report 


In the basal segments of the left lung there are a great 
number of spaces, | mm.-1 cm. in diameter, lined by 
ciliated, columnar epithelium, showing plain muscle 
fibres, cartilage and mucous glands in the walls, and 
filled with homogeneous eosinophilic material containing 


Fic. 1.—Bronchogram showing obstruction of the left lower lobe 
bronchus below the apical segment of the bronchus 
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desquamated epithelial cells. There are no inflammatory 
changes in the walls; the intervening pulmonary paren- 
chyma shows atelectasis, oedema and desquamative 
catarrh (Fig. 2). 


Fic. 2.—Low-power photomicrograph of a section cut from the basal 
segments of the left lower lobe showing cystic spaces. 


The intrabronchial nodule is covered with regular, 
normal, ciliated columnar epithelium. It consists of 
nests and strands of round and polyhedric cells separated 
by narrow strands of connective tissue. The nests are 
either solid or show vesicles with either colourless, 
granular material or frequently with calcified secretion. 
The cells in the solid areas are about 30y in diameter; 
they have a vesicular nucleus with one nucleolus and an 
abundant, foamy cytoplasm. There is some irregularity 
in nuclear shapes and a few possibly atypical 
mitoses (Fig. 3). 


Review of the Literature 


Jesberg (1926) reported a bronchial polypoid 
tumour in a boy of 6 years with ‘wheezing’ in 
the chest; the symptoms were relieved by 
bronchoscopic removal of the tumour, but the 
exact diagnosis is in doubt owing to lack of 
histological confirmation. 

Rosenblum and Klein (1935) treated an 
\l-year-old boy with an adenoma of the right 
main bronchus; this had caused recurrent 
haemoptysis, cough, fever and wasting, with 
atelectasis of the right lower lobe. Sympto- 
matic improvement followed bronchoscopic 
removal and the atelectatic lobe re-expanded, 
but subsequent bronchography revealed 
tubular bronchiectasis. 

Kramer and Som (1935), reviewing 23 
patients in their practice, noted that the 


youngest was 13 years old but no details were 
given. 


Berger, Boreadis and Kremens (1953) treated a 
boy of 4 years suffering from collapse of the left lower 
lobe; at bronchoscopy a polypoid mass was seen in 
the distal part of the left main bronchus. Endoscopic 
removal was followed by bronchostenosis and, 
subsequently, pneumonectomy was performed; at 
operation peribronchial extension of the tumour was 
found to have occurred. 

Price Thomas (1954) excised a bronchial adenoma 
and part of the right upper lobe bronchus, re-con- 
structing the bronchial wall, in a girl of 11 years, 
who had had an attack of pulmonary infection 
followed by partial atelectasis. 


Discussion 


Symptoms of bronchial adenoma may be due to 
the tumour itself (cough, haemoptysis) or to the 
effects of bronchial obstruction. Foster-Carter 
(1941), reviewing 47 cases from the literature with 
22 patients from the Brompton Hospital, showed 
that bronchial occlusion may cause dyspnoea, 
perhaps with paroxysmal asthmatoid attacks, and, 
in 60% of cases, is associated with infection 
(bronchiectasis, lung abscess or empyema). 

Recurrent haemoptysis is usually accepted as the 
commonest symptom; it was absent in this patient 
and occurred in only 50% of Price Thomas’s series 
(1954). 

The radiological appearance is that of an opacity 
if the tumour is large, and a collapsed segment or 
lobe may be seen. Partial bronchial obstruction 


se 


Fic. 3.—Photomicrograph of a section cut from the adenoma 


showing vesicles. ™ 150. 





362 


may be shown as an area of obstructive emphysema 
on comparing radiographs taken in full inspiration 
and expiration. On bronchography there is a filling 
defect in the bronchus involved, the lipiodol ending 
abruptly at the obstruction, in contradistinction to 
the ‘rat-tail’ constriction seen in a carcinoma. 

The treatment of bronchial adenoma depends on 
the degree of extrabronchial extension that exists, 
and also on the effect of the tumour on the segment 
or lobe distal to it. Small tumours may be treated 
by bronchoscopic removal, but larger ones are best 
removed by transpleural bronchotomy, if necessary 
with excision of the wall and bronchial reconstruc- 
tion (d’Abreu and MacHale, 1952; Price Thomas, 
1954). Should complications, such as bronchiectasis 
or lung abscess, have occurred distal to the tumour, 
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the required treatment is resection of the affected 
part of the lung, together with the tumour (d’ Abreu, 
1953). 


I am greatly indebted to Mr. A. L. d’Abreu for 
permission to publish this report and for advice in the 
preparation of this paper. I must also thank Dr. H., S. 
Baar for the histological report, and Mr. G. Williamson 
for the photomicrographs and the radiograph. 
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BRITISH PAEDIATRIC ASSOCIATION 
PROCEEDINGS OF THE TWENTY-FIFTH GENERAL MEETING 


The twenty-fifth annual general meeting of the 
British Paediatric Association was held at The Old 
England Hotel, Windermere, from April 28 to 30, 
1954. 

BUSINESS PROCEEDINGS. The President, Dr. B. E. 
Schlesinger, was in the Chair, and the following 
members were present: 


F. M. B. Allen, E. C. Allibone, J. Apley, Cecile 
Asher, H. S. Baar, T. E. D. Beavan, R. E. Bonham 
Carter, J. V. C. Braithwaite, P. T. Bray, R. W. 
Brookfield, C. Bruce Perry, W. A. B. Campbell, 
W. H. P. Cant, N. B. Capon, I. A. B. Cathie, N. S. 
Clark, W. R. F. Collis, T. Colver, Beryl Corner, 
D. Court, J. Craig, W. S. Craig, J. Crooks, V. 
Mary Crosse, G. Davison, E. Dott, D. M. Douglas, 
A. C. Doyne Bell, J. L. Emery, P. R. Evans, 
Isabella Forshall, A. White Franklin, D. Gairdner, 
W. F. Gaisford, R. R. Gordon, S. Graham, C. F. 
Harris, E. W. Hart, J. WHart-Mercer, J. L. 
Henderson, A. Holzel, D. V. Hubble, J. H. 
Hutchison, R. S. Illingworth, N. M. Jacoby, Ursula 
James, H.E. Jones, J. J. Kempton, R.C. Lightwood, 
P. MacArthur, R. A. McCance, D. MacCarthy, 
Agnes Macgregor, M. MacGregor, Helen M. M. 
Mackay, R. Mac Keith, R. A. Miller, A. A. 
Moncrieff, A. V. Neale, G. A. Neligan, G. H. 
Newns, D. N. Nicholson, C. G. Parsons, W. W. 
Payne, C. P. Pinckney, C. T. Potter, W. P. H. 
Sheldon, Ursula Shelley, Victoria Smallpeice, 
W. C. Smallwood, J. M. Smellie, R. E. Smith, J. 
Spence, R. E. Steen, K. H. Tallerman, M. L. 
Thomson, J. P. M. Tizard, R. McL. Todd, A. G. 
Watkins, D. W. Winnicott, S. Yudkin, R. B. 
Zachary. 

The Minutes of the last annual meeting were 

approved. 


ELECTION OF OFFICERS. The following were 
elected by ballot for the year 1954-55: 
PRESIDENT: Professor S. Graham. 
TREASURER: Dr. R. C. Lightwood. 
SECRETARY: Dr. P. R. Evans. 
EXECUTIVE COMMITTEE (for three years): 
Professor R. W. B. Ellis. 
Dr. J. Hay. 
Dr. H. Everley Jones. 
Professor A. Moncrieff. 
\0 replace Dr. R. H. Dobbs, Professor J. L. Hender- 
son, Professor A. V. Neale, Dr. R. E. Smith. 


ELECTION OF NEw Memsers. The following were 
‘lected by ballot to membership of the Association: 


HONORARY MemBer: Dr. B. E. Schlesinger. 


CORRESPONDING MEMBERS: 


Dr. Seymour Heymann (Johannesburg). 
Professor R. McIntosh (New York). 
Professor B. Vahliquist (Uppsala). 


ORDINARY MEMBERS: 
Dr. S. P. Dundon (Dublin). 
Dr. W. H. Galloway (Aberdeen). 
Dr. J. W. Gerrard (Birmingham). 
Dr. H. R. Jolly (Plymouth). 
Dr. G. M. Komrower (Manchester). 
Dr. R. Mayon-White (Ipswich). 
Mr. D. J. Waterston (London). 


The TREASURER’S REPORT was received and 
approved. 

The REPORT OF THE EXECUTIVE COMMITTEE was 
received and approved and is printed below. 

The Hon. Secretary made a statement on the 
proposed joint meeting in Quebec, 1955. 

The draft memorandum on children’s hospitals 
was received and the President summarized various 
proposed modifications. It was agreed that the final 
form should be prepared and circulated to all 
members. 

The Association had the honour of entertaining 
Sir Russell Brain, President of the Royal College of 
Physicians, at the annual dinner; and also as this 
was the twenty-fifth annual meeting, the following 
corresponding members were present with their 
wives: Dr. P. F. Armand Delille, Professor G. 
Frontali, Professor Alton Goldbloom, Dr. R. R. 
Struthers, Professor A. Sundal. 

There were 24 guests present, including four from 
overseas who were working in this country. 

The Windermere Lecture was delivered by Pro- 
fessor Alton Goldbloom. 

Professor R. A. McCance presented a pair of 
silver pap boats to the Association, and Dr. G. 
Davison presented a collection of photographs taken 
at Association meetings since 1948. 


Report of the Executive Committee 1953-54 


1. The Association will wish to congratulate 
Dr. W. Sheldon on the award of the C.V.O.; Dr. 
Harold Waller on receiving the F.R.C.O.G.; 
Professor A. Wallgren on receiving the Hon. LL.D. 
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Wales; Dr. Helen Mackay on receiving the Dawson 
Williams Prize of the British Medical Association; 
and Professor A. Moncrieff on being selected as 
Newsholme Lecturer, London School of Hygiene 
and Tropical Medicine. 


2. The Executive Committee has met three times 
since the last Annual General Meeting and the 
following is a summary of matters with which it has 
been concerned. 


3. GUESTS AT ANNUAL MEETING. By a large 
majority members have agreed to special arrange- 
ments every third year limiting guests to (a) those 
giving communications; (6) new members whose 
election is to be ratified at the meeting; and (c) visit- 
ing paediatricians from the Commonwealth and 
elsewhere overseas who are in the United Kingdom 
at the time of the meeting. It was agreed that 1954 
should be regarded as a suitable time to start this 
new arrangement. In addition, as the 1954 meeting 
was the twenty-fifth, it was agreed to invite all 
corresponding members and their wives to attend 
the Windermere meeting as guests of the Associa- 
tion. 

1953. 


4. INTERNATIONAL CONGRESS, HAVANA, 


Ten members and two non-members were present 
and it was regretted that only a few of them were 


able to take an active part in the proceedings. The 
next international congress is planned for Copen- 
hagen in 1956. 


5. Visir TO HOLLAND. A party of 25 members 
will be the guests of the Dutch Paediatric Society in 
Holland at the end of May, 1954, and five com- 
munications will be given by members of the party. 


6. MEETING IN QuEBEC, 1955. The Canadian 
Pediatric Society and the American Pediatric Society 
are hoping to be joined by a delegation from the 
British Paediatric Association at a joint meeting in 
Quebec in June, 1955, before the joint Canadian 
Medical Association and British Medical Associa- 
tion meeting in Toronto. 


7. ARCHIVES OF DISEASE IN CHILDHOOD. Dr. 
R. H. Dobbs has been nominated to succeed 
Dr. P. R. Evans as joint editor with Dr. I. A. B. 
Cathie. A special resolution of thanks to Dr. Evans 
was passed at a meeting of the Executive Committee. 
Professor F. M. B. Allen and Dr. P. R. Evans were 
nominated to succeed Professor R. W. B. Ellis and 
Professor W. Gaisford on the editorial board for 
1955. 
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8. FUTURE OF CHILDREN’S HOSPITALS. At the 
request of the Paediatric Committee of the Royal 
College of Physicians, the Association has been 
asked to submit its views on this subject. A sub. 
committee and the Executive Committee have 
considered the matter on several occasions and in 
view of its importance the final report is being 
submitted to the Annual Meeting. 


9. RECRUITMENT OF NURSES IN CHILDREN’s 
HospiTats. Careful consideration has been given 
to a statement that there has been a serious reduction 
in the number of nurses recruited for six provincial 
children’s hospitals since the new lower age limit 
of 18 years has been imposed. The attention of the 
Ministry of Health and of the General Nursing 
Council has been called to this matter and it has 
been decided to consider it again when the figures 
for the first six months of 1954 are available. 


10. PAEDIATRIC EDUCATION. Progress in secur- 
ing information has been slow and reports from 
about half the centres have been received and 
forwarded to the World Health Organization. 


11. Home OFFICE COMMITTEE ON ADOPTION. 
Suggestions received from four members were 
forwarded to the Home Office. 


12. Work OF SUB-COMMITTEES. In addition to 
the special work on children’s hospitals already 
mentioned, the joint committee with the Royal 
College of Obstetrics and Gynaecology on pre- 
maturity has continued to meet and the new sub- 
committee on prophylactic immunization is prepar- 
ing a memorandum. Matters within the interests 
of the other standing sub-committees have been 
dealt with by correspondence as they arose. 


13. ‘OBSERVERS’. The Association is frequently 
consulted by official and unofficial bodies, and 
observers attend meetings on its behalf. The Public 
Health Committee of the British Medical Associa- 
tion forwards all documents to the Hon. Secretary 
who may attend meetings for any items in which 
the Association is likely to be interested. 


14. New Orricers. The Association will be 
pleased to learn that Dr. H. C. Cameron has agreed 
to act as ‘historian’ and write the story of the first 
25 years of its activities. A warm welcome will also 
be given to Dr. P. R. Evans as the new Hon. 
Secretary. 


15. The Association has suffered the loss since 
its last Annual Meeting of Dr. T. Y. Finlay and 
Professor E. Gorter. 
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Scientific Communications 


Dr. MALCOLM MACGREGOR (Warwick). ‘Pseudo- 
Hypoparathyroidism.’ This paper will be published 
in full. 

Dr. W. W. Payne (London) reported on the 
present status of 39 diabetics who had started their 
disease in childhood. For the past 15 to 20 years 
all have been having a ‘free’ diet and enough insulin 
to control symptoms. The blood sugar level was 
kept as low as possible. No case had hepatomegaly, 
peripheral, vascular, or neuritic symptoms. Of the 
19 cases under treatment for 15 to 19 years, nine 
were free from retinitis and none had any degree 
of visual disturbance, two had hypertension and 
three albuminuria; of the 20 cases treated for 20 to 
30 years, seven were free from retinitis and four had 
some degree of visual loss, four had hypertension 
and six albuminuria. As these results compared 
favourably with similar series treated with strict 
dietary control, it was concluded that strict dietary 
control in juvenile diabetics was unnecessary. 

Dr. THOMAS STAPLETON (London). ‘The Pattern 
of Electrolyte-Excretion in Babies Born to Diabetic 
Mothers.” The excretion of sodium, potassium and 
chloride by babies born to diabetic mothers has been 
studied during the first three days of life. Using 
the excretion per kilogram of lowest weight as the 
standard of comparison, it is concluded that the 
excretion is within normal limits for the gestational age. 

Dr. M. F. G. BUCHANAN (Leeds). ‘Foetal 
Distress and Asphyxia at Birth.’ Certain paediatric 
aspects of a combined paediatric and obstetric study 
of foetal distress were presented. The object was 
to assess the condition at birth of infants delivered 
following foetal distress, as compared with other 
infants, in a series of 550 live births. Foetal distress 
was considered to be present if in the first or second 
stage of labour the foetal heart rate rose above 
160 beats per minute or fell below 100, or if 
meconium was passed in cephalic presentations. A 
second group of infants was selected on the basis of 
lesser changes in the foetal heart rate: within this 
group were included all cases in which the foetal 
heart rate rose or fell from its previous level by 
20 or more beats per minute. On these criteria there 
were 84 cases of foetal distress and 80 cases of the 
second group of rises or falls of 20 or more in the 
foetal heart rate. 

To simplify comparison, infants failing to breathe 
within one minute of delivery were considered to be 
suffering from asphyxia. Infants delivered under 
general anaesthesia were separately analysed. Of 
those cases (58) in whom there had been neither 
foetal distress nor rise or fall of 20 or more in the 
foetal heart rate, 27 (46%) showed asphyxia. In 


those with foetal distress, 17 out of 24 (71 %) showed 
asphyxia. The intermediate group of changes in 
foetal heart rate was also followed by a high 
incidence of asphyxia but the figures (12 out of 
16 infants) are too small to be of value. 

Fifteen infants died in the neonatal period. All 
but one had shown asphyxia at birth. Three who 
had shown foetal distress breathed regularly between 
five and 10 minutes whereas three out of four with 
intermediate changes in foetal heart rate breathed 
in under five minutes, again suggesting that foetal 
distress is followed by more prolonged asphyxia. 

It was concluded from this series that foetal 
distress was followed by significantly more pro- 
longed asphyxia than in other infants. The group 
of infants who had shown a rise or fall of 20 or more 
beats in the foetal heart rate also revealed a higher 
incidence of asphyxia, being intermediate between 
the normal and the foetal distress group. 

Dr. I. A. B. CATHIE (London). ‘The Serology of 
Toxoplasmosis.” The clinical particulars accom- 
panying sera from 456 cases suspected to have 
toxoplasmosis, received from all over the country, 
were reviewed. Choroido-retinitis, intracerebral 
calcification, hydrocephalus and mental retardation 
were the commonest clinical signs in cases in which 
there was positive serology. Undiagnosed lesions 
of the central nervous system were only rarely 
positive, while the more exotic symptoms elsewhere 
in the body were invariably negative. The presence 
of toxoplasmas in the cerebrospinal fluid of one 
case of clinical toxoplasmosis with what was thought 
to be diagnostic serology was demonstrated. 

Attention was again drawn to the number of 
cases giving positive serological tests as age advances, 
and a series of children with generalized lympha- 
denopathy, pyrexia and eosinophilia was described 
in which the toxoplasma antibodies reached 
diagnostic titres; it was thought that this type of 
illness might account for the presence of antibodies 
in the healthy adult. 

Dr. JANET Roscoe (Cambridge). ‘The Early 
Anaemia of Prematurity.”. The blood picture of 
26 healthy premature infants of birth weight below 
3 Ib. 9 oz. was followed over the first four months 
of life. Venous samples of blood were taken at 
one to two weekly intervals. Marrow samples were 
also taken at various stages. 

The possibility of a raised rate of destruction of 
premature red cells was considered with special 
reference to the changing level of calculated total 
circulating haemoglobin. However the maximum 
rate of fall of total haemoglobin lasting some 20 
to 30 days was no more than the calculated rate of 
normal decay of red cells. 
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The rapidity of body growth of these premature 
babies, often exceeding 3% per day, contributes 
greatly to the precarious balance of erythropoiesis. 
And it largely accounts for the maintenance of low 
haemoglobin levels once anaemia has developed, but 
not for the fact that anaemia develops in the first place. 

The marrow is not qualitatively different from that 
of normal infants. But it is not until the haemo- 
globin has fallen substantially below 11 g. per 
100 ml., in fact to the region of 7 to 9 g., that a rise 
of marrow erythroid cells and a reticulocytosis 
occur. The response to anaemia is slow and thus fails 
to arrest in time the post-natal fall of haemoglobin. 

Iron was given not later than the third week to 
13 infants and their haemoglobin levels were com- 
pared with 13 controls who were only given iron 
when their haemoglobin had fallen to 11 g. The 
average fall of haemoglobin in those given iron early 
was arrested about the fiftieth day of life (as in 
normal infants) and remained at about 1 g. higher 
level thereafter. The early anaemia of prematurity 
was thus mitigated but not prevented by giving iron 
early. 

Dr. R. I. Mackay (Manchester). “The Treat- 
ment of Tuberculous Meningitis.. This paper 
represents a simple report of the experiences of a 
number of paediatric physicians in the Manchester 
area for a period of three years, from April, 1951, 
to April, 1954. Seventy-nine consecutive patients 
received various forms of treatment for tuberculous 
meningitis and in addition seven relapsed cases 
completed a second course of treatment. 

The cases fall into four groups, according to the 
mode of treatment, the first two groups before the 
introduction of isoniazid, and the fourth group 
including cases which received no intrathecal treat- 
ment whatever. The results suggest that it is possible 
to treat tuberculous meningitis with streptomycin 
and isoniazid without recourse to intrathecal treat- 
ment and that advanced cases, cases with miliary 
tuberculosis and relapses may be treated with a 
similar hope of success as when intrathecal treatment 
is used. There is a notable absence of obstructive 
intracerebral complications in group 4. The 
immediate results on a limited follow-up compare 
favourably with cases treated with intrathecal 
streptomycin. 

PERCENTAGE SURVIVAL RATE ACCORDING TO TYPE 
OF CASES 





Groups | and 2 


Group 3. Group 4 





Without miliary tuber- 
culosis ot ma 59-2 91 84-5 
With miliary tuberculosis 33°3 84-6 91-8 





Early ne oe aw 75 100 85-8 
Advanced Ms ~ 33-3 57 91 





JOHN LorBeR (Sheffield). ‘A Controlled Trial of 
Isoniazid in the Treatment of Tuberculous Menin- 
gitis.. Twenty-two patients who were conscious on 
admission were allocated by random sampling to 
two treatment groups, 10 being controls and 1? 
being given isoniazid. The treatment was otherwise 
identical in the two groups. Intrathecal strepto. 
mycin treatment was given in both groups in all 
cases. 

Eight of the 10 controls and 11 of the 12 cases 
given isoniazid survived. The average period of 
observation was 16 months in the controls and 
13 months in the isoniazid group. None of the 
patients have serious sequelae and none are deaf, 

Patients in the group given isoniazid required 
fewer intrathecal injections of streptomycin (average 
65) as compared with the controls (average 90). 

The cerebrospinal fluid in the isoniazid group 
approached normal more rapidly, but showed 
significant deterioration in six children after one 
course of intrathecal treatment had been concluded, 
and so necessitated further intrathecal streptomycin 
treatment. 

In one child tubercle bacilli reappeared in the 
cerebrospinal fluid during treatment with isoniazid, 

It is concluded that isoniazid is a valuable 
addition to other drugs in the treatment of tuber- 
culous meningitis, but it has not eliminated the need 
for intrathecal streptomycin. 

Dr. J. HART-MERCER (Newcastle upon Tyne). 
‘Lipoid Reticulo-endotheliosis | (Hand-Schiiller- 
Christian Disease).’ In the last four years 13 cases 
of this disease have been encountered in the Child 
Health Department. There were seven deaths with 
six necropsies. A pathological study of the post- 
mortem material has yielded the following observa- 
tions: 

The pulmonary lesions, extensive and bilateral, in 
all six cases, seemed to be the most lethal. They 
were always attended by right cardiac dilatation and 
in three cases by cor pulmonale. The gross picture 
in the three older children was that of honeycomb 
lungs but close examination of the others revealed 
a number of small developing cysts. A study of 
serial sections on the two most acute cases showed 
that the cysts began as dilatations of damaged 
respiratory bronchioles in foci of histiocytic 
bronchopneumonia. 

Lesions in other organs including particularly 
pituitary (four cases), lymph nodes, spleen, thymus, 
bone, liver and skin revealed a variety of histological 
structure ranging from eosinophilic granuloma and 
pure infiltrations of proliferated reticulum cells to 
xanthomatous deposits and fibrous scar formation. 
The liver was affected in five cases. Here the 
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histiocytic infiltrations were confined to portal tracts 
and in three cases had led to xanthomatosis of the 
larger bile ducts; in one there was also advanced and 
in two early biliary cirrhosis. 

Of the six surviving cases the diagnosis has been 
established or confirmed by biopsy. All presented 
with symptoms referable to bone, three now have 
controlled diabetes insipidus and remain well, one 
having been followed for nearly four years. In 
two with radiological lung involvement and splenic 
or lymph node enlargement the prognosis is more 
guarded and in one with marked lymphadenopathy 
and progressive anaemia the outlook seems poor. 

Dr. PAUL E. PoLani (London). ‘Some Aetio- 
logical Factors in Congenital Heart Disease.” A 
statistical study was made of 377 patients with 
congenital heart disease and their families, seen in 
the Cardiac Department of Guy’s Hospital. They 
were subdivided into six clinical groups, and cases 
of mongolism and of the rubella syndrome were 
excluded. It was found that the chance of a child 
being born with Fallot’s tetralogy increased with 
maternal age (40-44 years). Malformations of the 


heart among siblings born after an affected child 
were 20 times as common as in the general popula- 
tion. There was an excess of males among patients 
with Fallot’s tetralogy, aortic stenosis, coarctation 
of the aorta and, probably transposition of the great 


vessels; the influence of sex was studied on an 
additional 642 cases. The patients showed an excess 
of associated malformations even when mongolism, 
transposition of the viscera, cataract and/or deafness 
and arachnodactyly were omitted. The incidence of 
congenital heart disease appeared to be influenced 
by the season of conception and birth in relation 
to sex. 

Dr. J. S. OLDHAM (Birmingham). ‘Observations 
on the Diagnosis and Prognosis of Congenital Heart 
Disease in Infancy.’ One hundred infants under 
| year of age with congenital heart disease have been 
studied. In 46 permanent cyanosis was a symptom. 
In 19 of these cases heart murmurs were absent. 
Absence of murmurs suggests a complex malforma- 
lion. Diagnosis in cyanotic congenital heart disease 
depends primarily on radiographic examination. In 
letralogy of Fallot the heart was little if at all 
enlarged and the characteristic cardiac silhouette 
was usually present. The combination of cyanosis 
and pulmonary congestion was most commonly 
found with complete transposition of the great 
vessels. Angiocardiography was a valuable aid to 
diagnosis. Prognosis in this group is bad. Thirty- 
one of the 46 patients died before 1 year of age. 

In 54 infants cyanosis was absent throughout, or 
occurres only as a transient or terminal event. 
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Twenty-one died within the first year of life. The 
most important defect in this group is a patent 
ductus arteriosus, a lesion which can be cured, and 
which when producing symptoms in infancy has a 
bad prognosis. Of nine such cases in this series 
five died. In the diagnosis of patent ductus arteriosus 
a full pulse has been the most helpful physical sign. 
Electrocardiographic evidence of left ventricular 
strain was present in four of nine cases examined. 
In this age group a firm diagnosis often cannot be 
made without special methods of investigation. 

When congenital heart defects produce symptoms 
during the first year of life the immediate prognosis 
is bad and full investigation should not be delayed. 

Dr. GAvIN C. ARNEIL (Glasgow). “The Hyper- 
tensive Plasma Factor in Acute Nephritis.” The 
cause of the arterial hypertension often present at 
the onset of acute haemorrhagic nephritis has not 
been proved. Since the discovery of renin it has 
seemed likely that the humoral pressor system 
actuated by this enzyme is responsible. Plasma 
from 13 patients with acute nephritis and hyper- 
tension has been shown to contain an excess of a 
vasopressic substance when injected intravenously 
into rats. By using a ganglion blocking agent and 
destroying pituitary vasopressin chemically it was 
shown that this pressor activity was probably due 
to the presence of an excess of angiotonin (hyper- 
tensin) in the plasma which also contained an excess 
of renin. The plasma angiotonin potency following 
incubation is suggested as a satisfactory method of 
assessing the vasopressic activity since the plasma 
hypertensinogen and hypertensinase levels are 
normal in acute nephritis and this estimation 
obviates the need to freeze the plasma immediately 
after withdrawal from the patient. 

Dr. R. G. MITCHELL (Dundee). ‘The Urinary 
Excretion of Histamine in Allergic Diseases.” The 
daily excretion of free and conjugated histamine in 
the urine was measured in 24 children who suffered 
from allergic diseases. The urine was collected 
during acute allergic attacks in 10 of the children 
and in the interval between attacks in 14. The total 
amount of histamine excreted daily was within 
normal limits for both groups, but there was a 
significant reduction in the excretion of free 
histamine during the acute attacks. 

Oral administration of cortisone during acute 
allergic attacks in adults resulted in an increase in 
the excretion of free histamine, which, in two 
patients, was considerably greater than the increase 
observed after cortisone administration to healthy 
adults. 

PROFESSOR ALAN MONCRIEFF and Dr. R. H. 
WILKINSON (London). ‘Sucrosuria with Mental 
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Defect and Hiatus Hernia.” Three instances were 
described of the association in early childhood of 
sucrosuria, mental retardation and an anomaly of 
the lower end of the oesophagus, thus producing 
the three types of congenital abnormality in the one 
subject—inborn metabolic error, mental defect and 
an anatomical abnormality. Necropsy findings in 
One case revealed a congenital defect in the brain, 
thus ruling out any hypothesis that the mental 
retardation might be associated with a sucrosaemia. 
It was concluded that the sucrosuria resulted 
essentially from rapid absorption of the unsplit 
disaccharide but technical difficulties made it 
impossible to investigate further the failure of 
splitting or its degree. The previous, scanty 


literature mostly deals with similar instances, as far 


ARCHIVES OF DISEASE IN CHILDHOOD 


as the sucrosuria is concerned, of exogenous . <igin, 
Careful study of the sugars fed and subseq ently 
passed in the urine revealed a more comp -cated 
story than that of excessive alimentary abso -ption 
of sucrose and urinary excretion. Prov sional 
‘normal’ values for urinary sugars obtained by 
chromatography were suggested. The close associa- 
tion of lactose and sucrose in the diet in rela:ion to 
the occurrence of sucrose in the urine seemed 
definitely established in the cases reported. Glucose 
metabolism was unaffected. 


The following papers were also given: Mr. A. N, 
Guthkelch on ‘Diastematomyelia’; Dr. N. R. Butler 
on ‘Possibilities of Triple Immunization in Infancy 
with Special Reference to Tetanus.’ 





